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Advisor: Zhenghong Tang 
While energy-related issue is conventionally recognized as a large-scale issue to human 
and natural environment, few researches directly focus on local-level policies and 
strategies on energy efficiency. This thesis mainly aims to explain how to establish Net-
Zero Energy Communities (NZECs) in the respective of local planning and policy. Based 
on the innovation adoption theory and key factors of NZECs, this study firstly establishes 
a practical protocol to assist local jurisdictions to develop high-quality local 
comprehensive plans (LCPs) to promote the development of NZECs. Then, through 
assessing the capacities of LCPs for local energy efficiency in Oregon, the strengths and 
weaknesses of current LCPs are identified. The results of this thesis imply that LCPs in 
Oregon have limited capacities for local energy efficiency. At last, this thesis states a set 
of recommendations, including showing the possible path for the development of NZECs 
in local planning and policy respective, building a solid factual basis of local energy 
consumption, taking full advantages of local planning tools to address energy-related 
issues in various fields of local development, and enhancing the implementation and 
monitoring process with innovative tools and policies. 
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I. BACKGROUND AND PROBLEM STATEMENT 
1.1 Research Background 
Over the last decades, concerns about the impacts of energy issues in various aspects of 
social development increasingly emerged. The increasing demand and low efficient 
consumption of diverse types energy impact the Greenhouse Gas (GHG) emission, 
climate conditions, ecological environment, economic development, and social equity. In 
the United States, high dependence on private vehicles and indoor activities accelerate 
the consumption of non-renewable energy. The relatively low energy price and abundant 
energy supply also make the cost and consequences of energy consumption ignored by 
consumers, which contribute to the insatiable appetite for energy supply. Furthermore, 
the United Stated imports a significant portion of petroleum-based energy. The heavy 
dependence on imports of energy threatens energy supply security and economic stability, 
expands the international trade deficit, and harms the public health (Randolph and 
Masters, 2008). The real and potential impact of climate change mainly caused by the 
excessive GHG mostly from the consumption of fossil fuel is widely identified as one of 
the significant consequences of excessive energy consumption and needs to be 
considered at local levels (United Nations Human Settlements Programme (UN-
HABITAT), International Council for Local Environmental Initiatives (ICLEI) – Local 
Government for Sustainability, and United nations Environment Programme (UNEP), 
2009). Because of the complexities of energy issues, the challenges caused by energy 
issues cannot be addressed by a single energy strategy. So an urgent desire for a practical 
protocol containing effective policies and strategies emerges to conserve energy and 
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promote local energy efficiency for the development of NZECs, which is also identified 
as the primary purpose that this study intends to achieve. 
1.1.1 Findings about Energy Consumption and Efficiency 
The situation of energy consumption is essential to understand if the goal is to achieve 
energy conservation and energy efficiency. Normally, consumption of all types energy is 
categorized in four sectors – residential sector, commercial sector, industrial sector, and 
transportation sector. As shown in Figure 1-1, the industrial sector consumes the most 
energy than any other sector, and the commercial sector consumes the least amount of 
energy. Energy consumed in the commercial sector is mainly for indoor lighting, heating 
and cooling. Specifically in the year of 2011 (Figure 1-2), the industrial sector consumed 
30.80 quadrillion Btu, covering about 31 percent of total energy; transportation sector 
consumed 27.17 quadrillion Btu, covering about 28 percent; Simultaneously, residential 
sector consumed 22.05 quadrillion Btu, covering about 22 percent; and commercial 
sector consumed 18.33 quadrillion Btu, covering about 19 percent of totally consumed 
energy. 
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Source: Energy Information Administration (EIA), (2012) 
Figure 1- 1: Energy Consumption by Sector in United States (Unit: Quadrillion Btu) 
 
Source: Energy Information Agency (EIA), (2012) 
Figure 1- 2: Energy Consumption by Sector in United States in 2011 (Unit: quadrillion Btu) 
 
Associated with the GHG emissions caused by energy consumption (Figure 1-3); energy 
consumption in the transportation sector emits the most CO2 than those of other sectors. 
Specifically, the commercial sector emits the least CO2 by consuming all types of energy. 
The industrial sector consumes more energy, but emits less CO2 than the transportation 
sector. The reason is that transportation consumes more petroleum-based energy than the 
industrial sector.  
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Source: Energy Information Agency (EIA), (2012) 
Figure 1- 3: CO2 Emission by Sector in United States (Unit: million metric tons carbon dioxide 
equivalent) 
 
Many indicators aim to indicate energy efficiency. One of them used at the national level 
is the ratio of gross domestic product (GDP) to total energy consumption. This indicator 
measures how much value is created by each unit of energy consumed. A bigger ratio 
indicates energy consumption is more efficient than other small ratio indicators. As 
shown in Figure 1-4, the ratio decreased from the year of 2009 to 2010 and then 
increased from 2010. As the U.S. Energy Information Agency (EIA) (2012) forecasted, 
the energy efficiency will increase from 2012 to 2035. In order to make this trend 
realistic, some effective planning tools need to be discovered and developed for local 
energy efficiency.  
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Source: Energy Information Agency (EIA), (2012) 
Figure 1- 4: Ratio of GDP and Energy Consumption in United States 
 
1.1.2 Supply-led and Demand-led Strategies 
A variety of strategies and tools for energy conservation and efficiency have been 
proposed at different levels. Some approaches aimed to satisfy the increasing demand for 
petroleum-based energy (Andrews, 2008). These approaches and strategies are mostly 
based on engineering and economic subjects (Andrews, 2008) and are supply-led, which 
aim to extend energy supply to satisfy the insatiable appetite for energy production and 
lack attention on the side of energy demand. However, there are certainly limitations for 
energy supply according to the energy resources capacities and energy production 
technologies, especially for non-renewable energy. The advantages of demand-led 
approaches are obvious in the aspect of energy demand control. Through demand-led 
approaches, demand management becomes a significant focus. And energy supply needs 
to keep consistency with consumer needs (UN-HABITAT, ICLEI, and UNEP, 2009). 
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The demand-led approaches can be effective based on the demand-side information. For 
instance, information on who uses what types of energy for what purposes (UN-
HABITAT, ICLEI, and UNEP, 2009) can be more easily collected at the local level than 
at the state or national levels. Furthermore, local governments have more abilities and 
flexibility to control and regulate the patterns of land use, building codes, transportation, 
etc. There are several reasons why local energy efficiency strategies work. Firstly, the 
local energy efficiency strategies proposed by local governments themselves are able to 
directly control demand and supply for energy in the residential, transportation, 
commercial, and industrial sectors by planning and operating the development of local 
jurisdictions. Then, the primary public services and facilities are regulated and managed 
by local governments per se (UN-HABITAT, ICLEI, and UNEP, 2009), including water, 
sewer, electricity, transportation system, electricity grids, etc. So this study focuses on the 
local level energy efficiency strategies.  
As one of the earliest states that realized the significance of energy issues, Oregon 
requires local jurisdictions to address the energy issues in LCPs within a series of Oregon 
statewide planning goals and guidelines. The goals are mandated, but the guidelines are 
suggested for local jurisdictions. Specifically, among the series of 19 statewide planning 
goals, the goal 13 – Energy Conservation is proposed to conserve energy and promote 
energy efficiency on the local level. The energy conservation goals and guidelines were 
originally adopted in 1974 and validated in 1975. Besides establishing a practical 
protocol with effective policies and strategies, this study also examines the capacities of 
LCPs on energy efficiency strategies to assess the effectiveness of state mandates and 
guidelines. 
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1.2 Research Objectives and Questions 
Much work has been done to address local energy issues (Andrews, 2008; Carlisle, et al., 
2008; Carlisle, et al., 2009; Crawley, et al., 2009; Hammon, 2010; IEA, 2000; Marszal 
and Heiselberg, 2009). While much research has been conducted for single fields of 
energy issues, such as transportation, building design and construction (Katipamula, et al., 
2010; Laustsen, 2008; Marszal and Heiselberg, 2009; Mertz, et al., 2007), energy 
generation distribution (Davidson and Venning, 2011; Ivner, 2009), etc., little research 
has focused on the effectiveness of comprehensive strategies integrated in LCPs for 
energy efficiency. In recent years, the concept of Net-Zero Energy Community (NZEC) 
has emerged. Generally, the core idea of NZEC is that the community can produce as 
much energy as it consumes in one time period. Although the establishment of NZEC 
seems hard-to-reach, it is set as the ultimate goal for this study to reach in terms of local 
planning and policy. To achieve the ultimate goal, this study intends to develop a 
practical protocol with a series of effective energy efficiency strategies, which are 
integrated in LCPs. Then associated with the proposed protocol, this study intends to 
assess the capacity of LCPs on energy efficiency in Oregon to reveal the gaps between 
the current condition and the ultimate goal, and how to mitigate the gaps. Because 
Oregon has state mandates and guidelines for local energy conservation and efficiency, 
this study also intends to examine the effectiveness of state mandates. 
Specifically, this study answers the questions as follows: 
1) What kind of indicators should be concerned in LCPs for local energy efficiency? 
2) How capable are LCPs to implement local energy efficiency strategies through 
integration with the practical protocol? 
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3) How LCPs respond to Oregon statewide planning goals and guidelines? 
4) How can the capacities of LCPs for achieving local energy efficiency for the 
establishment of NZECs be improved? 
Through this study, a practical protocol integrated in LCPs is developed. The assessment 
of 60 LCPs in Oregon by the practical protocol is able to examine the integration of local 
energy efficiency strategies in LCPs. Finally, this study provides implications for local 
governments to develop capable LCPs to address energy issues, and finally, establish 
NZECs.  
1.3 Thesis Structure 
This thesis contains six main chapters to elaborate the answers to the proposed four 
research questions, as follows: 
Chapter one is the background and problem statement. This chapter mainly aims to 
present the background and necessity of this study in the fields of local energy efficiency 
strategies. Also, the research objectives and questions are put forward. The value of this 
study is also highlighted. 
Chapter two reviews a variety of literature about the definitions and main types of 
NZECs to provide a theoretical basis for this study. Based on a variety of literature in 
these fields, this study develops a conceptual framework to illustrate the establishment of 
the practical protocol integrated in LCPs to facilitate the development of NZECs. Then, 
literature about state mandates and local plan quality is reviewed to understand the 
mainstream plan evaluation methods. 
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Chapter three is about the nature and attributes of practical protocol on local energy 
efficiency strategies. This study defines this practical protocol containing five categories 
and 43 indicators (research question 1) mainly based on the policy guides on energy 
related fields made by the American Planning Association (APA), Oregon statewide 
planning goals and guidelines, and major literature about local energy efficiency. 
Furthermore, this study explains and elaborates the practical protocol with innovation 
adoption theory. The assessment of LCPs by the proposed protocol also implies the 
accomplishments of different stages during the innovation adoption process. 
Chapter four is the description of key components of research design and methods, 
including sample selection, concept measurement, and coding and calculation procedure. 
In this chapter, this study proposes two criteria for sample selection, and 60 LCPs are 
qualified. Eugene and Springfield City formulated one LCP together; they are counted as 
one local jurisdiction in this study. This study defines the score scales of indicator as 0 to 
2, the score scale of category as 0 to 10, and the score scale of one LCP as 0 to 50. 
Furthermore, this study elaborates the scoring methods and calculation procedure for the 
research questions.  
Chapter five presents the results of the assessment to characterize the capacity of LCPs 
on local energy efficiency strategies. This study analyzes the descriptive statistics of 
indicator scores, category scores, and LCP scores to indicate the capacity of LCPs on 
local energy efficiency strategies (research question 2). Scores of indicator performance 
are analyzed to further explain the capacity of LCPs and imply the effectiveness of state 
mandates (research question 3).  
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Chapter six extracts main findings from the results in previous sections. This study fully 
addresses these findings and proposes recommendations for local governments to 
improve the capacities of local governments on local energy efficiency strategies in this 
chapter (research question 4). And finally, this chapter presents the study limitations and 
direction for future study. 
  
11 
 
 
II. LITERATURE REVIEW 
In order to comprehensively understand the key aspects relating to this study’s goals and 
objectives, this study reviews a variety of literature. This study, firstly, reviews literature 
to holistically understand the concept of NZEC and the key factors to promote local 
energy efficiency innovatively to achieve this ultimate goal. Secondly, this study reviews 
literature about innovation decision models and adoption processes to provide a 
theoretical foundation for the establishment of a practical protocol. Then, this study 
reviews literature about the plan quality and plan evaluation to understand the primary 
components of plans and pointcuts to improve the capacities of LCPs on energy 
efficiency strategies. At last, this study reviews previous research and papers about the 
effectiveness of state mandates on local implementation. The descriptions are presented 
in the following sections. 
2.1 Approaching NZECs 
Since increasing considerations recognize the rapidly increasing possibility of catastrophe 
resulting from high non-renewable energy consumption, the concept of NZEC emerges as 
an ultimate solution to improve energy efficiency and promote urban sustainability in 
academia and practice. Generally, a NZEC is a community that produces as much energy 
as it consumes in one certain time period. There are some other names, which mean the 
same as NZEC, such as zero energy community and zero net energy community. 
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2.1.1 Defining Zero Energy Buildings (ZEBs) 
Before the concept of NZEC emerged, a great portion of research focused on the energy 
efficiency of single buildings. Some goals and objectives of building energy efficiency 
have been posted by governmental and professional organizations, as follows: 
In 2007, Energy Independence and Security Act (EISA) authorized the Net-Zero Energy 
Commercial Building Initiative with a series of specific objectives for the development of 
zero energy commercial buildings, including: 
• All new commercial buildings reach the goal of net zero energy by the year of 
2030; 
• 50% of U.S. commercial buildings reach the goal of net zero energy by the year 
of 2040; and 
• All U.S. commercial buildings reach the goal of net zero energy by the year of 
2050. 
Also, the “AIA 2030 Challenge” by the American Institute of Architects (AIA) in 2009 
advocates to promote energy efficiency with a goal that, to the year of 2030, all existing 
buildings will reduce energy consumption by 50 percent of current consumption, and all 
new constructed buildings will be carbon free. In Europe, all new buildings in European 
Union member states are required to produce as much on site energy as they consume 
before the end of 2018. There are some other similar goals and objectives proposed by 
various groups to reach the goal of ZEBs. 
It is easier to control the energy consumption and demand of single buildings than that of 
communities since the factors effecting the performance of buildings’ energy efficiency 
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are less and simpler than those of communities’. The National Renewable Energy 
Laboratory (NREL) proposed a comprehensive definition with four specific criteria of 
Net-Zero Energy Buildings (Torcellini, et al., 2006) – Net-Zero Site Energy, Net-Zero 
Source Energy, Net-Zero Energy Cost, and Net-Zero Energy Emission. This definition 
specifies the ZEBs in four aspects (Box 2-1) with various advantages and disadvantages 
(Table 2-1). For instance, a site ZEB is easy to build and operate. The performance is 
easy to measure. However, a site ZEB requires the facilitations of renewable energy 
without consideration of energy cost and demand control. For a source ZEB, it is 
necessary to calculate the site-to-source energy factors with various calculation methods 
(Torcellini, et al., 2006). However, there are some difficulties to define site-to-source 
energy factors. And a site ZEB is easy to measure the performance based on the utility 
cost, which encourages the demand-led control. For an emission ZEB, energy sources 
impact the emission.  
• Net-Zero Site Energy: A site ZEB produces at least as much energy as it uses in a 
year, when accounted for at the site.  
• Net-Zero Source Energy: A source ZEB produces at least as much energy as it uses 
in a year, when accounted for at the source. Source energy refers to the primary energy 
used to generate and deliver the energy to the site. To calculate a building’s total source 
energy, imported, and exported energy is multiplied by the appropriate site-to-source 
conversion multipliers.  
• Net-Zero Energy Costs: In a cost ZEB, the amount of money the utility pays the 
building owner for the energy the building exports to the grid is at least equal to the 
amount the owner pays the utility for the energy services and energy used over the year.  
• Net-Zero Energy Emissions: A net-zero emissions building produces at least as much 
emissions-free renewable energy as it uses from emissions-producing energy sources. 
Box 2- 1: Definition of Net ZEBs by Torcellini, et al., (2006), page 5 
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Table 2- 1:ZEB Definition Summary by Torcellini, et al., (2006), page 11 
Definition Pluses Minuses Other Issues 
Site ZEB 
• Easy to implement.  
• Verifiable through on-
site measurements.  
• Conservative approach 
to achieving ZEB.  
• No externalities affect 
performance, can track 
success over time.  
• Easy for the building 
community to 
understand and 
communicate.  
• Encourages energy-
efficient building 
designs.  
• Requires more PV export to offset 
natural gas.  
• Does not consider all utility costs 
(can have a low load factor).  
• Not able to equate fuel types.  
• Does not account for nonenergy 
differences between fuel types (supply 
availability, pollution).  
 
 
Source 
ZEB 
• Able to equate energy 
value of fuel types used 
at the site.  
• Better model for impact 
on national energy 
system.  
• Easier ZEB to reach.  
 
• Does not account for nonenergy 
differences between fuel types (supply 
availability, pollution).  
• Source calculations too broad (do 
not account for regional or daily 
variations in electricity generation 
heat rates).  
• Source energy use accounting and 
fuel switching can have a larger 
impact than efficiency technologies.  
• Does not consider all energy costs 
(can have a low load factor).  
• Need to develop site-
to-source conversion 
factors, which require 
significant amounts of 
information to define.  
 
Cost ZEB 
• Easy to implement and 
measure.  
• Market forces result in 
a good balance between 
fuel types.  
• Allows for demand-
responsive control.  
• Verifiable from utility 
bills.  
 
• May not reflect impact to national 
grid for demand, as extra PV 
generation can be more valuable for 
reducing demand with on-site storage 
than exporting to the grid.  
• Requires net-metering agreements 
such that exported electricity can 
offset energy and nonenergy charges.  
• Highly volatile energy rates make 
for difficult tracking over time.  
 
• Offsetting monthly 
service and 
infrastructure charges 
require going beyond 
ZEB.  
• Net metering is not 
well established, often 
with capacity limits 
and at buyback rates 
lower than retail rates.  
 
Emissions 
ZEB 
• Better model for green 
power.  
• Accounts for 
nonenergy differences 
between fuel types 
(pollution, greenhouse 
gases).  
• Easier ZEB to reach.  
 
• Need appropriate 
emission factors.  
 
Source: Torcellini, P., Pless, S., Deru, M., & Crawley, D. (2006). Zero energy buildings a 
critical look at the definition. ( No. NREL/CP-550-39833). Golden, Colorado: 
National Renewable Energy Laboratory.  
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Table 2- 2: ZEB Renewable Energy Supply Option by Torcellini, et a., (2006), page 3 
Option 
Number ZEB Supply-Side Options Examples 
0 
Reduce site energy use through energy 
efficiency and demand-side renewable 
building technologies.  
Daylighting; insulation; passive solar heating; 
high-efficiency heating, ventilation, and air-
conditioning equipment; natural ventilation, 
evaporative cooling; ground-source heat 
pumps; ocean water cooling  
On-Site Supply Options 
1 
Use RE sources available within the 
building footprint and connected to its 
electricity or hot/chilled water distribution 
system.  
PV, solar hot water, and wind located on the 
building  
2 
Use RE sources available at the building site 
and connected to its electricity or hot/chilled 
water distribution system.  
PV, solar hot water, low-impact hydro, and 
wind located on parking lots or adjacent open 
space, but not physically mounted on the 
building  
Off-Site Supply Options 
3 
Use RE sources available off site to generate 
energy on site and connected to the 
building’s electricity or hot/chilled water 
distribution system.  
Biomass, wood pellets, ethanol, or biodiesel 
that can be imported from off site, or collected 
from waste streams from on-site processes that 
can be used on site to generate electricity and 
heat  
4 
Purchase recently added off-site RE sources, 
as certified from Green-E (2009) or other 
equivalent REC programs. Continue to 
purchase the generation from this new 
resource to maintain NZEB status.  
Utility-based wind, PV, emissions credits, or 
other “green” purchasing options. All off-site 
purchases must be certified as recently added 
RE. A building could also negotiate with its 
power provider to install dedicated wind 
turbines or PV panels at a site with good solar 
or wind resources off site. In this approach, the 
building might own the hardware and receive 
credits for the power. The power company or a 
contractor would maintain the hardware.  
Source: Torcellini, P., Pless, S., Deru, M., & Crawley, D. (2006). Zero energy buildings a 
critical look at the definition. ( No. NREL/CP-550-39833). Golden, Colorado: 
National Renewable Energy Laboratory.  
 
To further develop specific rules of renewable energy technologies in ZEBs, Pless and 
Torcellini (2010) developed guiding principles for renewable energy in ZEBs and a 
hierarchy of renewable energy sources, which Torcellini, et al. (2006) firstly generally 
mentioned about (Table 2-2). Within this hierarchy, the highest priority belongs to the 
application of demand-side technologies and energy efficiency technologies, such as 
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daylighting, passive solar heating, etc., which are normally commoditized. Compared 
with some off-site supply options, the on-site supply options are prioritized to minimize 
the energy consumption during the transmission process. Among the different on-site 
supply options, facilitation of renewable energy available within the building footprint is 
more encouraged. Single buildings with option 1 (in Table 2-2), technologies are able to 
facilitate renewable energy on site and directly transfer energy into building’s distribution 
infrastructure, such as electricity or hot water system. Option 2 is that renewable energy 
is generated on the building site but not within the building footprint. For the off-site 
supply options, buildings for option 3 facilitate off-site renewable energy sources to 
generate energy on site. This option may cause energy consumption during the 
transmission process. At last, buildings for option 4 facilitate and purchase energy that is 
that are generated by off-site renewable energy sources. According to the classification 
system of NZEB supply-side options, four types NZEBs are categorized through the 
integration of NZEB supply-side option within the four criteria definition 
Based on two key factors: energy resources and outputs, Mertz, et al. (2007) and Lausten 
(2008) categorized the definition of ZEBs with two aspects: 
• Net-Zero Energy building: buildings that produce and transfer the same amount 
of energy to the energy grids as they consumed from the grids. 
• Zero Carbon buildings: buildings that consume as much carbon free energy as 
they want to meet their demand.  
This definition system classifies the concept of ZEBs. However, there are still some other 
things need to be considered for the definition of net ZEBs (Marszal, and Heiselberg, 
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2009). Firstly, the units for the balance between supply and demand in one building need 
to be considered for the calculation of energy use, for instance, energy cost, energy 
emission, on-site and off-site energy, etc. The total demand of one building needs to be 
counted, including not only the energy for building operations, such as indoor heating 
and cooling, and elevators; but also the energy for activities inside the building, such as 
household appliances. According to the difference between the activities in residential 
and non-residential buildings, the energy uses of different types of buildings need to be 
separately considered. The interaction between buildings and grids is the last but equal 
important issue that needs to be considered to define ZEBs. The criteria and calculation 
methods may differ between on-grid and off-grid ZEBs.  
2.1.2 Community-Based Net-Zero Energy 
Although there are some processes on ZEBs to promote energy efficiency; some other 
energy issues need to be considered for local energy efficiency, such as transportation, 
infrastructure, etc. Based on the development of ZEBs and considering the complexities 
of community-level energy issues, the establishment of Net-Zero Energy Communities 
(NZECs) is an evolving goal for local energy efficiency and sustainability. Through the 
contrast between the net-zero energy performance in building-scale and community-scale, 
with the wide range of renewable energy technologies, it shows that community-based 
net-zero energy has better performance with economic advantages (Katipamula, et al., 
2010). Generally, a ZNEC minimizes the energy demand within boundaries through 
promoting energy efficiency and balancing the energy consumption and the facilitation of 
renewable energy.  
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Table 2- 3: Community Efficiency and Renewable Supply by Carlisle, et al., (2009), page 5 
Option Number Option Name 
0 Energy Efficiency and Energy Demand Reduction 
1 Use Renewable Energy in the Built Environment & on Unusable Brownfield Sites 
2a 
Use Renewable Energy on Community Greenfield Sites (A 
Greenfield site is a site that has not been previously 
developed or built on, and which could support open space, 
habitat or agriculture) 
2b Use Renewable Energy Generated Off-site, On-site 
3 Purchase New Off-site renewable energy certificates 
Source: Carlisle, N., van Geet, O., & Pless, S. D. (2009). Definition of a "zero net 
energy" community. Golden, Colo.: U.S. National Renewable Energy Laboratory.  
 
In 2009, Carlisle, et al. proposed definition of NZEC with four criteria based on the 
definition of ZEB developed by Torcellini, et al. (2006), including net-zero site energy, 
net-zero source energy, net-zero energy costs, and net-zero energy emission. Because of 
the difficulties and complexities of energy issues in community-level, if a community 
generates at least 75% of the total energy it uses from on-site renewable energy, it is 
considered a NZEC (Carlisle, et al., 2009). Also, similar with ZEBs, a hierarchy of 
energy efficiency and renewable supply options was developed (Table 2-3) (Carlisle, et 
al., 2009), which is used to encourage communities to develop appropriate energy 
efficiency strategies for the goal of net-zero energy. There are five categories in this 
hierarchy based on the location of renewable energy sources and facilitation. And the 
goal of NZEC cannot be achieved instantly a series of milestones are needed for the 
ultimate goal of NZEC through the options presented in hierarchy (Figure 2-1) (Carlisle, 
et al., 2009).  
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A variety of researchers specifically have addressed the establishment of “Net-Zero 
Energy residential communities” or “renewable energy communities” (Carlisle, et al., 
2008; Hammon, et al., 2010). Hammon, et al. (2010) assesses the performance of three 
types of net-zero of the community scale, which are zero peak, zero net-electricity, and 
zero net-energy. Zero peak communities have economic advantages and are easier to be 
implemented than the other two types. And NREL proposed the concept of renewable 
energy community before NZEC (Carlisle, et al., 2008), which is a low-grade NZEC. The 
development of renewable energy community integrates all renewable energy 
technologies, green building and site design, energy efficient transportation modes into 
one system to maximize the performance of community-scale energy efficiency. 
The advantages of the facilitation of renewable energy technologies are becoming 
obvious. And the possibility to establish NZECs needs support from various renewable 
energy technologies, for instance, solar-assisted heating/cooling systems, wind energy, 
and on-site electricity storage (Katipamula, et al., 2010). However, just as every coin has 
two sides, uncertainties and serious concerns caused by the wide-range adoptions of 
renewable energy technologies and equipment need to be considered. Like bringing 
intermittent solar and wind energy into grids, some renewable energy may bring in 
unpredictable volatilities to the load profile (Katipamula, et al., 2010). Also, based on the 
analysis of some initiative zero energy communities, Kallushi, et al. (2012) indicated 
several factors that improve the performance of NZECs. 
At last, the achievement of NZEC is able to substantially improve energy efficiency, 
conserve non-renewable energy, with various economic advantages. And the first and 
crucial step towards the net-zero energy is to promote energy efficiency as much as 
 possible, not only for community
Torcellini, et al., 2006; Pless and To
Figure 2- 1: Intermediate Milestones to NZECs by Carlisle, et al., (
Source: Carlisle, N., van Geet, O.,
energy" community. 
2.2 Innovation Adoption Theory
In view of the highly complex and interdisciplinary nature of 
innovative methods are 
policies on energy efficiency.
protocol of local energy efficiency strategies as an innovative policy program. 
integrating the practical protocol
study reviews a series of literature about innovation adoption theory to seize key factors 
influencing innovation decisions and 
process to improve the integration of the 
strategies.  
-scale, but also for building-scale (Carlisle, et al
rcellini, 2010). 
2009), page 12 
 & Pless, S. D. (2009). Definition of a "zero
Golden, Colo.: U.S. National Renewable Energy Laboratory. 
 
energy
necessary for variable levels of governments to 
 This study recognizes the establishment
 of local energy efficiency strategies into LCPs, this 
to understand the rationale of innovation adoption 
practical protocol of local energy efficiency 
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2.2.1 Definition and Key Elements of Innovation Decision 
Typically, if a government adopts some new policy or program that has never been 
adopted before within the governmental jurisdiction, this policy can be considered as an 
innovation in the fields of politics and policy (Walker, 1969). Within the innovation 
definition, a new policy or program does not mean that this policy or program adopted by 
one governmental jurisdiction has never been adopted in any other governmental 
jurisdictions. An innovative policy can be adopted by other governmental jurisdictions 
before (Berry and Berry, 2007). So a policy innovation is different from a policy 
invention.  
The innovation adoption, as defined by Rogers (2003), is “the process in which an 
innovation is communicated through certain channels over time among the members of a 
social system”. Based on the definition of innovation adoption, specifically, four key 
elements affect the innovation adoption (Rogers, 2003), including  
• The innovation per se,  
• Communication channel,  
• Time period, and 
• The social system 
As shown in Figure 2-2, these elements are closely related to the adoption rates of 
innovation.  
22 
 
 
 
Figure 2- 2: Innovation Diffusion Process by Rogers, (2003) 
Source: Rogers, E. M. (2003). Diffusion of innovation (5th Edition ed.). New York, NY: 
Free Press.  
Some attributes of one innovation are able to explain a considerable portion of the rates 
of innovation adoption, including relative advantage, compatibility, complexity, triability, 
and observability (Rogers, 2003). Relative advantage is about to what degree the 
innovation is perceived as more advantageous. The relative advantage positively impacts 
the rate of innovation adoption. More advantageous the innovation is perceived,  rapider 
the adoption rate will be. Compatibility is about to what degree this innovation is 
perceived consistent with “the existing values, past experiences, and needs of potential 
adopters” (Rogers, 2003). If any innovation is perceived incompatible with the value of 
current social system, its adoption will be less rapid than some compatible innovation. 
The attributes of relative advantage and compatibility are considered as the most 
important to explain the rate of innovation adoption (Rogers, 2003). Complexity is about 
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how different and complex this innovation can be understand and facilitate. The 
complexity of innovation negatively impacts the rates of innovation adoption. More 
complex this innovation is perceived, more sluggish the adoption rate will be. The forth-
perceived attribute is trialability, which is about to what degree an innovation can be 
tested or experimented in a limited range. Before formal adoption, a limited range 
experiment is able to reduce uncertainty and improve the rates of innovation adoption. 
Observability is about to what degree the results of an innovation is predicted. Clearer the 
predicted results of innovation are rapider the adoption rate will be. So, if an innovation 
wants to be adopted rapidly, it needs to have more relative advantage, compatibility, 
trialability, and observability, and less complexity (Rogers, 2003).  
Information about one innovation spreads from one to another through communication 
channels, one of the four key elements of innovation adoption. Generally, there are three 
types communication channels to spread and exchange information to promote the 
innovation adoption, including mass media channels, interpersonal channels, and 
interactive channels (Rogers, 2003). Mass media channels are the most widely used ways 
to spread information that attract potential adopters’ attention on innovation and persuade 
them to accept this new thought. Various types mass media are mainly used in mass 
media channels, such as newspapers, magazines, television, radio, movies, blogs, etc. 
Normally, the mass media channels are one-way information spreading. Interpersonal 
channels are face-to-face communication to exchange information about innovation 
between each other. As Internet-related technologies develop, internet-based interact 
communication becomes another key channel for information exchange and sharing. 
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Both interpersonal and interact communication channels are two-way communication 
channels.  
As Rogers (2003) indicated, time dimension is a key factor influencing the innovation 
adoption in three ways. First is the innovation adoption process, second is the 
innovativeness of the unit of adoption, and the last is the rate of adoption. The 
consequences of these ways need time to show. Rogers (2003) summarized a five-stage 
innovation adoption process, including knowledge, persuasion, decision, implementation, 
and confirmation. Through this innovation adoption process, uncertainty would be 
reduced according to the information gained. The details of each stage will be stated in 
the following section. The innovativeness is about to how rapidly one unit adopts the 
innovation. And based on the different innovativeness, Rogers (2003) proposed a 
classification system of adopters in a social system (Figure 2-3), including innovators, 
early adopters, early majority, late majority, and laggards. Innovators are the earliest 2.5 
percent of total adopters to adopt an innovation. Then the following 13.5 percent of 
adopters are early adopters. Then, early majority occupies about 34 % percent of adopters. 
Then, the 34 % percent of adopters are late majority category. At last, the latest 16 
percent are in the category of laggards. Some other classifications of adopters were 
developed based on different criteria (Mahajan, et al., 1990; Rogers, 2003) 
The third way relating to time is the rate of adoption. The rate of adoption is about to 
what speed one innovation is adopted. As shown in Figure 2-2, the rate of innovation 
adoption is S-shaped (Rogers, 2003). 
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As the last key element, a social system is defined as a group of individual units. All units 
within this group share the same goal by some innovation adoption.  
 
Figure 2- 3: Adopter Categories according to Innovativeness, by Rogers, (2003) 
Source: Rogers, E. M. (2003). Diffusion of innovation (5th Edition ed.). New York, NY: 
Free Press.  
 
For policy innovation, while many researches focus on the horizontal diffusion of 
innovation, such as innovation across nations (Weyland, 2004; Simmons and Elkins, 
2004; and Brooks, 2005), innovation diffused across the U.S. States (Walker, 1969), and 
innovations diffused across local jurisdictions, Some researches focus on the bottom-up 
diffusion (Shipan and Volden, 2006). However, recently, researches focusing on local-
level policy innovation are scarce (Franzel, 2008). Franzel (2008) further summarized 22 
mainstream local-level innovations from 2003 to 2008 into three categories, including 
local management and administrative innovation, technological innovation, and specific-
area innovation. The top three local level innovations are all technological innovation.  
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As described previously, there are a variety of variables relating to an innovation 
adoption to increase the complexity and difficulty to promote the innovation adoption and 
diffusion. In 2002, Wejnert proposed a simplified framework by grouping variables into 
three key components, including innovator, innovation, and innovation context (Figure 2-
4). Through analyzing attributes of each component, this thesis accurately concentrates 
on the factors influencing the effectiveness of implementation of the practical protocol of 
local energy efficiency strategies to reach the goal of NZEC in the policy field. And this 
model are well-accepted in various fields relating to built environment, such as 
stormwater management plan quality (White, and Boswell, 2007), and Sustainability 
(White, 2010) 
 
Figure 2- 4: Innovation Framework with Three Components by Wejnert, (2002) 
 
The innovator component is mainly about the adopters who involved in the innovation 
adoption. There are some different classifications for this component based on different 
criteria. Two classifications are widely recognized in various fields, including the 
classification based on the innovativeness and the role of actor in innovation diffusion 
process (Mahajan, et al., 1990; Kim, 2010; Brown, 1981; and Rogers, 2003). The 
Innovation 
Decision
innovator
Innovation
Innovation
Context
27 
 
 
classification of innovativeness is introduced in the previous section (Figure 2-2). The 
classification of the roles of actors is based on the different roles of actors in a social 
system (Rogers, 2003). Four components are indicated according to this classification: 
opinion leaders, change agents, aides, and citizens. The opinion leaders in a social system 
are those individuals or units are able to influence others’ attitudes through exerting their 
attitudes. The opinion leaders’ attitudes are highly consistent with a social system’s 
norms. Even though, they normally express more innovative attitudes than others. 
Opinion leaders mostly locate in the center of communication network, especially 
interpersonal communication network, so they have more abilities to contact innovative 
information and influence others’ attitudes. Another class in this classification is change 
agents that represent some change agencies outside the social system to influence others’ 
attitudes in the social system. Normally, the change agents are professional in 
technological fields relating to innovation, and they express different attitudes with other 
citizens. Change agents influence citizens’ attitudes through opinion leaders. In the 
classification system, aides are mostly works for change agencies to help change agents 
communicate with citizens to express change agents’ attitudes and reduce the differences 
between the change agents’ and citizens’ attitudes (Rogers, 2003). At last, citizens, who 
maybe the majority of units in a social system, have least abilities to express their 
attitudes, but they have rights to decide whether to accept or reject the innovation 
decision. 
When a sizeable mass of researches on innovation study the characteristics of innovators 
and the environmental context of innovation adoption process, innovation per se need to 
be considered as a significant factor of the adoption process (Wejnert, 2002). The 
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innovation component is about the innovation per se and its various attributes, including 
relative advantages, compatibility, complexity, trialability, and observability inside the 
social system, which are indicated in the previous section.  
It is easy to understand that innovation is not isolated from environment context to be 
adopted. About the innovation context, Wejnert （2002）  categorized four groups, 
including geographic settings, societal culture, political conditions, and globalization and 
uniformity. The innovation adoption is not an instant action. So it needs a process to be 
adopted. The innovation adoption process is considered an innovation context. As Rogers 
indicated, the innovation adoption process contains five stages, which are knowledge, 
goals, decision, implementation, and confirmation. The details of the innovation adoption 
process are proposed in the following section 2.2.2. Communication channels are also 
considered as an important context for innovation adoption (Kim, 2010). Details of 
communication channels are indicated previously. Additionally, some organizational, 
environmental, political, and economic variables are also considered important to 
influence and explain the innovation adoption (Franzel, 2008). Based on Franzel’s study 
(2008), there are some factors that have abilities to impact the innovation adoption, which 
are categorized into four groups – Organizational (such as population size, complexity, 
etc.), Environmental (such as advantaged population, minority population, median age, 
etc.), Political (Length of time in office, political ideology, etc.), and Economic factors 
(Fiscal health, intergovernmental revenue, etc.) (Franzel, 2008).  
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2.2.2 Adoption Process for Innovation Decision 
 
Figure 2- 5: Innovation Adoption Process with Five Stages by Rogers, (2003) 
Source: Rogers, E. M. (2003). Diffusion of innovation (5th Edition ed.). New York, NY: 
Free Press.  
According to Rogers’ study (2003), there is a five-step process for innovation adoption 
and decision-making (Figure 2-5). Through this process, an innovation decision is 
adopted in a social system. In the first step, knowledge or awareness, innovators seem 
interested in innovation, but are short of enough information about it. So, in the next step, 
persuasion, innovators need to search for enough information and set goals of innovation. 
During the third step, decision, which is also the dominant part of innovation adoption 
process, innovators consider the advantages and disadvantages of innovation, and finally 
determine whether to adopt this innovation. According to the uncertainties of information 
acquisition and conflicts between variable innovators, Rogers (2003) indicated that this 
step is most difficult and complicated. In the fourth step, implementation, innovators 
implement the decisions made in the previous step and decide whether they are useful for 
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innovation. During the last step, confirmation, innovators finally decide whether to keep 
or stop using innovation. In this study, these steps of innovation adoption process are 
given deeper significances. 
2.3 State Mandates and Local Plan Quality 
This study examines how LCPs respond to statewide planning goals and guidelines in 
Oregon, as the research question 3. According to this question, this section provides some 
empirical evidences from previous literature about the effectiveness of state mandates on 
local plan quality and mainstream criteria for plan evaluation.  
In the U.S., local governments are responsible to develop local land use planning. 
However, more and more states exert influence on local governments through mandates 
(Berke, et al., 1996). Associated with the diverse attributes and topics of state mandates, 
the effectiveness of different forms of state mandates need to be examined (Berke, et al., 
1996). Some researches perceived State mandates on local planning as intergovernmental 
implementation, which is about a policy developed by high-level government is specified 
as actions at a lower level (Berke, et al., 1996).  
A great portion of studies and research focus on examining whether state mandates 
influence the local planning in various fields (Berke and French, 1994; Berke, et al., 1996; 
Norton, 2005; Bunnell, and Jepson Jr, 2011; Tang, 2010).  In general, most of these 
studies concluded that state mandates are able to influence the local plan quality and 
implementation. Tang (2010) assessed the gaps between California State and local 
jurisdictions on sustainability development. The results implied that local plans merely 
reach the requirements of state’s sustainable environmental planning emission, but they 
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have diverse quality in scope and depth. And Berke, et al. (1996) indicated that the 
qualities of local plans adopted state mandates varies, which means the adoption of state 
mandates cannot certainly improve local plan quality, but it has more possibility that 
high-quality local plans are the results of the adoption of state mandates. However, based 
on research by Bunnell and Jepson Jr (2011), the results showed that state mandates did 
not make local plans’ qualities higher than those plans without state mandates, but result 
in the loss of local plans’ creativeness. 
In order to evaluate plan quality, a variety of studies have focused on how to establish 
appropriate evaluation criteria with reasonable frameworks. Some early research about 
plan evaluation established a comprehensive evaluation framework with three 
components, including factual base, goals, and policies (Berke and French, 1994; Brody, 
2003b). Baer (1997) discussed that, during the plan preparation process, there are various 
plan evaluation steps, including plan assessment, plan testing and evaluation, critique, 
research and professional evaluation, and post hoc plan evaluation. Furthermore, Baer 
(1997) established a series of guidance to build plan evaluation criteria for plan 
assessment. In recent years, as the importance of plan implementation is recognized, a 
great portion of research about plan evaluation established the evaluation criteria within 
five categories, including factual base, goals and objectives, policies and strategies, 
coordination and education, and implementation and monitoring (Brody, 2003a; Brody, 
2003c; Tang, 2008; Tang, 2010; Tang, et al., 2010). Within the five categories, a variety 
of indicators are proposed for plan evaluation in different fields.  
1) Factual Basis 
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In local plans, the factual basis should imply the general current and the projected 
conditions of local jurisdiction (Berke, et al., 1996). The factual basis component of plan 
evaluation criteria assesses the current and projected conditions generally, relating to 
some certain field, such as ecosystem (Brody, 2003a), environmental impacts (Tang, 
2010), hazards (Brody, 2003b), etc. The attention on the factual basis in local plans varies 
associated with different fields of local development. Based on Brody’s study (2003a), 
Factual basis component received the lowest score, which meant this component lacks 
information associated with the existing and emerging condition of natural resources. 
Tang (2008, 2010) indicated that few elements in the factual basis category exist in local 
plans, which make the lack of awareness of environment protection. 
2) Goals and Objectives 
Local plans need to perceive the future visions and goals of some fields in local 
development to conduct the appropriate policy making and information collection (Brody, 
2003a; Tang, 2008; Tang, 2010). The thorough, consistent goals and measurable 
objectives in local plans should not only depict the future that policies are required to 
reach, but also indicate some measurable objectives for policy implementation. Based on 
Tang’s study (2008), the quality of goals and objectives category is better than any other 
four categories in the fields of tsunami hazard management. And Tang, et al. (2010) also 
indicated that there was a large gap between state and local jurisdiction in goals and 
objective category in the field of local environment planning. In Berke and French’s 
study (1994), State-mandated local plans are probably better in setting goals and 
objectives for future development. Brody (2003a) indicated that, in Florida, local 
ecosystem management plans state unclear goals for local government to achieve.  
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3) Policies and Strategies 
Policies and strategies represent a significant part of a LCP (Brody, 2003a). Policies are 
directly presented to solve the realistic problems recognized in the factual basis category 
and focus on governmental actions to achieve some certain goals and/or objectives (Tang, 
2008). The effective local policies and actions can help local governments to make 
decisions about various fields relating to local planning, such as land use, transportation, 
infrastructure, financial programs, etc., to achieve the goals. Berke, et al. (1996) 
concluded that local plans with state mandates contain better policies than the local plans 
without state mandates. Berke and French (1994) stated the same conclusion in the field 
of natural hazards mitigation. Tang’s study (2008) indicated that the quality of policies 
and strategies category is moderate compared to other categories in local plans.  
4) Coordination and Education 
In order to assure the high-quality local plans and alleviate the conflicts between 
stakeholders, adjacent local governments, state governments and federal agencies, and 
private sectors, local plans need to present policies to promote the coordination among 
various aspects relating to local planning. Education programs make public citizens and 
unprofessional people to understand local planning and express their attitudes. In Brody’s 
study (2003a), local plans are lack of specific coordination techniques to facilitate 
collaboration among various aspects to integrate ecosystem management into local land 
use planning. Tang (2008) indicated that the quality of coordination category in local 
plans is relatively low in the field of tsunami hazard management. In the field of 
environment planning (Tang, 2010), most local plans cover the coordination between 
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various aspects; however, some specific coordination principles are missed in most 
jurisdictions.  
5) Implementation and Monitoring 
The planning strategies of implementation and monitoring focusing on the process of 
plan making and implementation are important to assure a LCP as an effective instrument 
for local community development even after adoption (Brody, 2003a). The organizational 
responsibilities, timelines, and some other specific rules need to be stated to implement 
policies in local plans. Within some proper monitoring strategies, local governments can 
compare the process and achievement of policies and strategies against the original goals 
and objectives (IEA, 2000). According to Brody’s study (2008), the category of 
implementation is relatively strong for the future implementation of the local ecosystem 
management planning. However, Tang (2008) stated that the quality of implementation 
component is lower than other four components in tsunami hazard planning. In 2010, 
Tang, et al. got the similar conclusion that few strategies were adopted in the local 
environment management planning.  
The five-category evaluation criteria are adopted in this study as the structure of practical 
protocol containing a variety of local energy efficiency strategies and policies to facilitate 
the establishment of NZECs. The detailed information of this practical protocol is 
described in chapter III.  
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III. APPROACHING THE PRACTICAL PROTOCOL 
As one of the main purposes, this study intends to elaborate a practical protocol for 
integration of local energy efficiency strategies into LCPs, which is used to develop 
NZECs in local jurisdictions. In this study, the innovation is considered as developing a 
series of effective energy efficiency strategies integrated in LCPs to maximize local 
energy efficiency and the utilization renewable energy, and ultimately, reaches the goal 
of NZECs in local planning and policy aspect. A practical protocol is developed to 
contain these local energy efficiency strategies within five categories. The literature 
review about innovation adoption theory plays the fundamental role to recognize the 
innovative characteristics of the establishment of NZECs in local planning and policy 
aspects. In this chapter, a conceptual framework is illustrated to fully explain the related 
characteristics that impact the establishment of NZECs in local planning and policy 
aspects as a local policy innovation. Then, this study describes the five categories and a 
variety of indicators of each category in the practical protocol that are able to promote the 
establishment of NZECs in planning and policy aspect. At last, this section predicts the 
research outcomes. 
3.1 Conceptual Framework 
According to the literature review in chapter 2, this study establishes a conceptual 
framework to explain the characteristics influencing the establishment of NZECs (Figure 
3-1). Based on Wejnert’s innovation decision framework (Figure 2-4) (2002), the main 
components of this conceptual framework are 1) innovators that are able to adopt and 
modulate an innovation during the innovation adoption process, 2) innovation per se, and 
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3) innovation context, through which innovators adopt innovation decision. The details 
are presented in the following sections. 
 
Figure 3- 1: Key Components of Innovation Decision 
3.1.1 Innovation 
The awareness of innovation per se is able to fully understand the nature of innovation 
and promote the rate of innovation adoption. In this study, the innovation is the 
establishment of NZECs by integrating the practical protocol containing a series of local 
energy efficiency strategies within LCPs. This study focuses on the planning and policy 
aspect for the establishment of NZECs. The five attributes of this innovation are analyzed 
in this section. 
1) Relative Advantage 
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The primary purpose of this protocol is to comprehensively address energy related issues 
through the integration within LCPs to achieve the goal of NZECs. Through the power of 
local planning, this protocol is able to boost the development of NZECs and local energy 
efficiency. The advantages of the establishment of NZECs are obvious for local 
jurisdictions. It not only conserves energy, promotes energy efficiency, but also improves 
local air quality, increases local green jobs, and improves local economic conditions. The 
advantages of practical protocol compared to some single local energy action and policy 
are also obvious. Firstly, according to the powers of local governments, the practical 
protocol is able to address the full range of energy related issues. The powers of local 
governments contain regulatory power (such as zoning, subdivision regulations, building 
codes, etc.), spending power (such as capital improvement programs, budgetary control, 
etc.), taxing power (such as special taxing districts, preferential assessment for certain 
land uses, tax return program, carbon tax credits, etc.), acquisition power (such as 
conservation easement, eminent domain, etc.). Secondly, the practical protocol is able to 
systematically address energy-related issues, including high cost and consumption of 
non-renewable energy in local jurisdictions, over dependence on private automobiles, 
GHG emission and local air quality, etc. Some isolated local energy policy cannot deal 
with the complicated issues. Thirdly, through this protocol, a variety of local departments 
and organizations collaborate to face the challenges from energy issues with less human 
and financial cost. 
2) Compatibility 
Developing NZECs not only meets the needs of local governments, including promoting 
local energy efficiency, improving local air quality, and promoting local economic 
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development, but also benefits state and higher-level governments. All LCPs in Oregon 
are required to address the energy –related issues. For this study, the practical protocol 
integrated in LCPs is also highly consistent with these statewide planning goals and 
guidelines. Furthermore, this protocol encourages the facilitation of variable renewable 
energy with promotion of local economy, which is also a goal of local jurisdictions and 
Oregon. 
3) Complexity 
As described previously, the Primary ways to establish NZECs are maximizing local 
energy efficiency and utilizing renewable energy by local planning and policies. The five 
categories of this protocol are simplified to cover most local energy-related issues in local 
planning and policy aspects. Through this protocol, the complicated energy issues are 
summarized into the five categories, and then, addressed by relevant indicators in this 
protocol. This protocol is designed to integrate in LCPs, which are required for local 
jurisdictions in Oregon. Any users or adopters who want to promote local energy 
efficiency can easily find information about this protocol in LCPs. They just need to get a 
copy of LCP by downloading online through the website of local governments or simply 
request the copy from local planning departments. 
4) Triability 
As Rogers (2003) indicated, if an innovation has more triability, it has more probability 
to be adopted. The establishment of NZECs in planning and policy aspects pays more 
attention on demand control instead of increasing supply. So it is cost-effective to 
establish NZECs compared to increasing energy supply by some engineering methods. 
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Furthermore, most actions and policies in the practical protocol have been proved or 
implemented by some formal organizations, such as APA and ICLEI, and by some 
previous studies. So the previous empirical evidences can facilitate the adoption of this 
protocol. Furthermore, the reputation of these well-recognized organizations is able to 
prove the triability of this protocol. 
5) Observability 
Even the establishment of NZECs is set as an ultimate goal of the implementation of this 
protocol. There are still some tangible and staged objectives that can be realistically 
reached. According to this protocol, these goals and objectives are predicted achievable, 
because the effectiveness of these actions and policies in the protocol are proved 
previously. Furthermore, the protocol contains several actions about the implementation 
and monitoring of local energy efficiency strategies, which can promote the achievement 
of goals and objectives. So this protocol has clear results to be rapidly adopted as local 
policy innovation.  
Generally, based on the five attributes of establishing NZECs through the practical 
protocol in local planning and policy aspect, the practical protocol has more relative 
advantages, more compatibility, less complexity, more trialability, and more 
observability, which means that it can be adopted more rapidly as an innovation. 
3.1.2 Innovator 
As described previously, two types classification systems are frequently used to identify 
the innovators to promote the innovation adoption in a social system (Kim, 2010). In this 
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study, both classification systems are applied based on the identification of the social 
system. Within a local jurisdiction, the classification of the roles of actors in innovation 
adoption is applied; within the Oregon, the classification of the innovativeness of 
adopters is applied. The following sections discuss the two classification systems 
separately. 
1) Innovativeness 
For this classification, one unit is a selected local jurisdiction in Oregon, and the social 
system is the Oregon. Based on Rogers’ study (2003), there are five categories of 
adopters in this social system, including innovator, early adopters, early majority, later 
majority, and laggards. However, according to Moore’s study, there is a huge chasm 
existing between early adopters and early majority. So one social system contains two 
groups based on the innovativeness criteria, which are Enthusiastic Proponents and 
Eclectic Followers (Kim, 2010) (Figure3-2). For this study, according to the assessment 
of the capacity of LCPs on local energy efficiency strategies through the practical 
protocol, those local jurisdictions that are scored in the top 16 percent of total selected 
local jurisdictions can be considered as early adopters, and the rest of local jurisdictions 
are considered as mainstream adopters. The performance of assessment of early adopters’ 
LCPs may be more representative for the innovation adoption than others. 
2) The Role of Actors 
For this classification, the unit is considered as individual or small group or organization 
in a social system, which is considered as one local jurisdiction. Based on Rogers’ theory 
(2003), four types actors are classified in this system, including opinion leaders, change 
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agents, aides, and citizens. To deal with the local energy-related issues, local 
governments, including officials in local political organization, at most time, play the 
roles of opinion leaders in the innovation adoption process. They have different abilities 
to publicize their opinion through variable communication channels. These opinion 
leaders are not professionals in the fields of energy efficiency and energy consumption. 
The professionals in these fields are considered as change agents, who have professional 
abilities to promote adoption of the practical protocol, including people working for local 
departments and groups, such as the planning department, transportation department, etc., 
and non-political organizations (NPOs). The identification of aides in a social system is 
difficult because aides mostly work as change agents’ assists in same organizations. But 
change agents are mostly in charge, and aides are responsible to communicate with 
citizens for change agents to reduce the misunderstanding and gaps between each other 
group. Public citizens in local jurisdictions mostly passively receive information about 
the adoption of practical protocol. However, as public participation is realized more and 
more important and the Internet technologies develop, public citizens have more rights 
and channels to express their attitudes. 
3.1.3 Innovation Context 
As described in the literature review, a variety of contexts may impact the innovation 
adoption. Associated with the establishment of NZECs through the integration of 
practical protocol in LCPs, the innovation adoption process, communication channels, 
and other contextual factors, including organizational, environmental, political, and 
economic factors are analyzed in the following sections.  
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Figure 3- 2: Conceptual Framework of Practical Protocol and Corresponding to Innovation Components 
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1) Innovation adoption process 
As shown in Figure 3-2, the five-stage innovation adoption process is consistent with the 
five categories of the practical protocol. This study proposes that the five categories of 
the practical protocol are able to address and explain the five-stage process of 
establishment of NZECs with certain correspondence between each other.  
During the knowledge stage in the innovation adoption process, opinion leaders start to 
understand the benefits and advantages of systematic solution of energy-related issues, 
and professional agents start to gain related information and knowledge about current 
predicted conditions through mass media and interpersonal communication channels. The 
elements in the factual basis category in the protocol are able to help actors rapidly and 
precisely collect useful information and knowledge relating to energy-related issues.  
At the persuasion stage, opinion leaders are aware of the advantages of the establishment 
of NZECs in local planning and policy aspect, and express the positive attitudes to 
integrate the protocol in LCPs to promote the innovation adoption, and collaborate with 
professional agents to set a series of goals and objectives to achieve the ultimate goal of 
NZECs in local planning and policy aspects. The Goals and Objectives category 
proposed in the practical protocol summarizes a series of realistic goals and objectives 
that can help actors in local jurisdictions make proper goals and measurable objectives 
for the establishment of NZECs in local planning and policy aspects, and promote the 
innovation adoption. 
At the Decision stage of the innovation adoption process, for this study, opinion leaders 
and professionals accept the innovation and intend to develop a variety of policies and 
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strategies to promote local energy efficiency and utilization of variable renewable energy 
for the establishment of NZECs. To holistically address local energy-related issues, local 
energy efficiency policies and strategies should cover the most fields of local planning, 
such as land use, transportation, environment, public infrastructure, etc. The category of 
Policies and Strategies in the practical protocol contains a series of polices and strategies, 
which are suggested by state mandates and formal professional planning organizations, to 
promote local energy efficiency and renewable energy utilizations for the establishment 
of NZECs in various fields of local planning. Furthermore, the Coordination and 
Education category of the practical protocol also lists policies about coordination with 
other public and private sectors, and public education programs to facilitate the 
innovation adoption at this stage. 
During the Implementation stage, for this study, change agents and aides implement these 
policies and strategies developed in the previous stage to promote local energy efficiency 
and facilitate the use of renewable energy. The category of implementation and 
monitoring in the practical protocol provides a set of actions to facilitate the 
implementation of proposed policies and strategies.  
At the last stage, Confirmation, local leaders and professional agents examines the 
effectiveness of decision and implementation in previous stages to decide whether they 
adopt the innovation, which is the establishment of NZECs, for this study. Local actors 
need to set some strategies to monitor the adoption process. The category of 
Implementation and Monitoring in the practical protocol summarizes a set of monitoring 
strategies for actors to monitor the implementation and effectiveness of these local energy 
efficiency strategies. 
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2) Communication Channels 
According to the five-stage innovation adoption process, different communication 
channels are used in different stages for a different purpose. Mass media channels, such 
as local newspapers, TV channels, local radios, etc., are mainly used in the Knowledge, 
Persuasion, Decision, and Confirmation stages to gather related information, publicize 
goals and objectives of the establishment of NZECs, and announce the final decisions. 
The interpersonal channels are used during the whole innovation adoption process to 
communicate with stakeholders, and gather the attitudes of public citizens. As high 
technologies develop, the internet-based interactive communication becomes prime 
channels for actors to more efficiently and effectively communicate with each other.  
3) Other Contextual factors 
According to previous studies, there are a variety of contextual factors that may impact 
the establishment of NZECs. These factors are summarized into five groups, including 
organizational, environmental, political, economic, and energy-relate group.  
Organizational group includes the following factors: 
• Actors’ age (Huber et al., 1993): the age of opinion leaders impact their 
understanding about innovation. 
• Advantaged population (Franzel, 2008): three numbers are considered as 
advantaged population, which are the white-collar, high educated, median house 
income (Franzel, 2008). They can impact the innovation adoption as innovation 
leader. 
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• Deprivation (Damanpour and Schneider, 2008): the unemployment population 
may distract local governments’ attention on innovation adoption. 
• Number of full-time employees (Damanpour and Schneider, 2008): with the 
adverse explanation of Deprivation, the employment population makes local 
governments more focus on the innovation adoption.  
• Minority population (Franzel, 2008): minority population is those people who are 
not white. The non-white population may impact the innovation adoption. 
Environmental group includes the following factors: 
• Urbanization (Damanpour and Schneider, 2008): the location of local jurisdiction 
is inside or outside of the metropolitan area impacts the innovation adoption. 
• Natural resources (Damanpour and Schneider, 2008): the condition of natural 
resources, such as water, impacts the innovation adoption.  
Political group includes the following factors: 
• The governmental structure (number of agencies) (Downs and Mohr, 1976; Rubin, 
1992; Mansfield, 1963; Baldridge and Burnham, 1975; Bingham, 1978): the 
number of local agencies and departments impact the complexity of government 
structure to impact the rate of innovation adoption. 
• Number of voters (Lineberry and Fowler, 1967): voters impact the choice of 
government leader and policy making to impact the innovation adoption. 
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Economic group includes the following factors: 
• Fiscal health (Berry, 1994): the fiscal health of local government impacts the local 
governments’ abilities and attention to impact the innovation adoption. 
• Available financial resources (Mohr, 1969): the available financial resources 
improve local governments’ abilities to adopt an innovation. 
Energy related group includes the following factors: 
• Energy costs (Doris, et al., 2009): the cost of energy consumption, such as the gas 
price, impact local governments’ attitude on the innovation adoption. 
• Renewable resources (Doris, et al., 2009): the available renewable resources 
promote the utilization of renewable energy to adopt the innovation. 
• GHG emission: the amount of GHG emitted within local jurisdiction can facilitate 
the local governments to adopt local energy efficiency strategies as an innovation. 
It is assumed that all these factors indicated before are able to impact the establishment of 
NZECs in local planning and policy aspects. In other words, the integration of the 
practical protocol in LCPs is impacted by these factors. 
3.2 Categories and Indicators of Practical Protocol 
To achieve the goal of NZECs in local planning and policy aspects, this study establishes 
a practical protocol, which contains a series of local energy efficiency strategies. Through 
the integration of the practical protocol in LCPs, it is able to holistically address local 
energy-related issues to promote the establishment of NZECs. Furthermore, this practical 
protocol can be used to assess the capacity of current LCPs on local energy efficiency 
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strategies. According to previous descriptions, this protocol can also assess to what 
degree the establishment of NZECs are addressed and promoted at each stage of the 
innovation adoption process. This study summarizes five categories and 43 indicators. 
Most indicators are developed based on a series of policy guides on the variable fields of 
local planning made by APA, including policy guide on Energy (APA, 2004), policy 
guide on Planning and Climate Change (APA, 2011), policy guide on Hazardous Waste 
Management (APA, 2002), and policy guide on Surface Transportation (APA, 2010). 
Some others are derived from “Oregon statewide planning goals and guidelines – goal 13: 
energy conservation” (Oregon Department of Land Conservation and Development 
(DLCD), 1974), and “Sustainable Urban Energy Planning – A Handbook for Cities and 
Towns in Developing Countries” made by United Nations Human Settlements 
Programme (UN-HABITAT) and ICLEI in 2009. 
The specific information of each category is stated in the following sections. 
3.2.1 Factual Basis Category 
After realizing the urgent need for local energy efficiency development, firstly, 
professional agents need to recognize the basic information and prediction of energy 
consumption and related issues in local level before other steps in the planning process 
(IEA, 2000), such as energy consumption and utility inventory, the awareness of state 
mandates on energy conservation, the predicted population growth, etc. Thus, within two 
sub categories and seven indicators, the factual basis category in the practical protocol is 
proposed to examine the existing and predicted conditions in LCPs. The details of 
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indicators in the category of factual basis are proposed in Appendix 3 – Indicator 
Explanation for Practical Protocol. 
3.2.2 Goals and Objectives Category 
As described previously, goals and objectives should reflect the realization of the future 
vision for local energy development, and guide the implementation of effective strategies 
proposed in LCPs (Brody, 2003a; Tang, 2008; Tang, 2010). In the practical protocol, the 
goals and objectives category is for local government to develop appropriate local energy 
policies, and can be used to examine the capacities of LCPs. The category of goals and 
objectives presents a series of consistent goals and objectives including maximizing 
energy conservation and energy efficiency, facilitating renewable energy use, controlling 
GHG emission, and developing compact urban form. The details of indicators in the 
category of goals and objectives are proposed in Appendix 3 – Indicator Explanation for 
Practical Protocol. 
3.2.3 Policies and Strategies Category 
As the core component of local planning, policies and strategies are able to directly guide 
local development with specific rules and policies in variable fields of local planning to 
achieve goals and objectives. The category of policies and strategies in the practical 
protocol contains various policies and strategies, each of which focuses on one specific 
aspect of local development towards the establishment of NZECs. Furthermore, the 
category can also examine to what degree LCPs adopt the effective policies and strategies 
that are suggested by APA and State mandates. This category of the practical protocol 
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contains seven sub-categories and 21 indicators. Among these indicators, 11 of them are 
developed from statewide planning goals and guidelines; which are state-guided (SG) 
indicators, the others are extra (EX) indicators. However, SG indicators are not mandated 
but suggested. The details of indicators in the category of policies and strategies are 
proposed in Appendix 3 – Indicator Explanation for Practical Protocol. 
3.2.4 Coordination and Education Category 
In this study, the inter-organizational coordination and public education programs are key 
factors to influence local makers to face the complex energy-related issues. Some energy-
related issues, such as across-boundary energy resources, energy generation and 
transmission locations, state-level financial incentive programs, etc., cannot be addressed 
by single local jurisdiction, but need the coordination between different jurisdictions, 
stakeholders, private sectors, etc. The category of coordination and education provides 
opportunities for various aspects to collaborate at the local level for the establishment of 
NZECs. The public education programs in this category provide variable platforms and 
communication channels to mitigate cognitive gaps between local governments and 
public citizens in the local jurisdiction for policy making and implementation. This 
category in the practical protocol contains five indicators to assess the current capacity of 
LCPs on local energy efficiency strategies in aspects of coordination and education. The 
details of indicators in the category of policies and strategies are proposed in Appendix 3 
– Indicator Explanation for Practical Protocol. 
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3.2.5 Implementation and Monitoring Category 
The category of implementation and monitoring in the practical protocol provides a set of 
specific instruments to conduct local governments to effectively implement policies and 
strategies adopted in LCPs to promote local energy efficiency and facilitate renewable 
energy use, and monitor the performance of energy consumption and energy efficiency 
through the implementation of policies and strategies, and compare this with the 
predicted results. If the performance is not as good as prediction, local governments need 
to update and amend policies and strategies based on the monitoring data. This category 
of implementation and monitoring, in this study, also assesses the capacity of LCPs on 
local energy efficiency strategies in aspects of implementation and monitoring. The 
details of indicators in the category of policies and strategies are proposed in Appendix 3 
– Indicator Explanation for Practical Protocol.  
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IV. RESEARCH METHODS 
This study defines and describes principal rules and components of research methods in 
this chapter. Firstly, the study population and sample selection are defined. Then, the 
indicator measurement is described for quantitative analysis, including a description of 
each indicator, justification and key words for quantitative evaluation, and references. At 
last, the data analysis instrument and procedure are detailed to explain how the data is 
statistically analyzed to assess the capacity of LCPs on energy efficiency strategies in the 
sample.  
4.1 Study Area 
As the first phase, this thesis defines the study population and develops criteria for 
samples selection. The target population contains all local jurisdictions in Oregon. 
According to the census data by the U.S. Census Bureau, the Oregon comprises 36 
counties and 242 cities, totally, 278 local jurisdictions. 
Why does this study define Oregon as the study area? As the proactive leader of energy 
conservation and energy efficiency development in the U.S., the State of Oregon has been 
regulating and evaluating energy consumption, establishing and updating energy 
efficiency policies and strategies for state and local jurisdictions for over 35 years. In 
1975, the Oregon Department of Energy was officially established as a crucial agency to 
initiate the development of variable local energy efficiency strategies. And from 1969 to 
1975, a series of 19 statewide planning goals and guidelines were established by the state 
government, including patterns of:  
1. Citizen involvement,  
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2. land use planning,  
3. agricultural lands,  
4. forest lands, 
5. open spaces, scenic and historic areas and natural resources, 
6. air, water and land resources quality,  
7. areas subject to natural disasters and hazards,  
8. recreation needs,  
9. economy of the state,  
10. housing,  
11. public facilities and services,  
12. transportation, 
13. energy conservation,  
14. urbanization,  
15. Willamette greenway, 
16. estuarine resources, 
17. coastal shorelands, 
18. beaches and dunes, and 
19. ocean resources 
All local jurisdictions in Oregon are required to establish LCPs to be consistent with the 
statewide goals. Particularly, the energy conservation goal and guidelines were originally 
adopted on 27th December, 1974 and validated on 25th January, 1975. Associated with 
the energy conservation goal and guidelines, local jurisdictions in Oregon have more 
potential to integrate energy efficiency strategies into urban development to achieve the 
ultimate goal of energy efficiency. 
4.2 Sample Selection 
The samples are selected from the local jurisdictions in Oregon. In order to minimize the 
negative impact of the significant diversities in the aspects of local jurisdiction population 
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and validation year of LCPs (Berke and Conroy, 2000), this study proposes two precise 
criteria for data selection as follows: 
• Some small local jurisdictions lack power and resources to develop plans (Berke 
and Conroy, 2000). If the population of any county in Oregon is larger than, or 
equal to, 10,000, and the population of any city in Oregon is larger than, or equal 
to, 5,000, the LCP is selected; 
• In case that policies and strategies in LCPs are out of date, only those LCPs that 
are amended or updated later than 2000 are selected (Berke and Conroy, 2000). 
According to the U.S. Census 2012 data, 29 counties of more than the population of 
10,000 and 75 cities of more than the population of 5,000, satisfy the population 
requirement. Among the 104 local jurisdictions, just 15 counties and 45 cities, totally 60 
local jurisdictions (Eugene and Springfield are counted as one local jurisdiction), satisfy 
the data selection criteria. The 60 selected local jurisdictions cover 21.58% of the total 
number of local jurisdictions in Oregon. The list of selected local jurisdictions and more 
information is presented in Appendix 1 – List of Selected Local jurisdictions in Oregon.  
Most selected LCPs were searched and downloaded from the official web sites of local 
governments and the website of University of Oregon Scholar’s Bank (Website address: 
http://scholarsbank.uoregon.edu/jspui/handle/1794/1271). The list of coastal cities is 
present by the Oregon Coast Visitor Association (Website source: 
http://visittheoregoncoast.com/cities/). 
 
 
 Table 4- 1: Sample Selection Criteria and R
Criteria for data selection 
Local jurisdictions (including counties 
and Cities) 
Population threshold (10,000 for county 
and 5,000 for city) 
The validation time of LCP is later than 
year of 2000 
Figure 4- 1: GIS Map of Selected Local J
4.3 Concept Measurement
This section details the practical protocol
quantitative analysis. As described before, this 
and 43 indicators. The details of indicators, including description, jus
and resource, are listed in Appendix 
esults 
Qualified Sample Number 
Total 
County City 
36 242 278 
29 75 104 
15 45 60 
 
urisdictions 
 
 with specific rules to code and score LCPs for 
practical protocol contains five categories 
tification, key words, 
3 – Indicator Explanation for Practical Protocol
55 
 
Percent 
100% 
37.41% 
21.58% 
 
. The 
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score scale of each indicator is 0 to 2. Generally, if an indicator is not mentioned in a 
LCP, it is scored “0”; if an indicator is just generally mentioned or considered, it is scored 
“1”; if an indicator is fully addressed, it is scored “2”. The details of categories are 
presented as follows. 
4.3.1 Category of Factual Basis 
Firstly, local jurisdictions need to recognize the current situation of energy consumption, 
inventory of energy resources, and the trend and future growth of energy consumption 
and demand. Local jurisdictions can identify problems relating to energy consumption 
and efficiency according to basic information collection. This category tends to assess to 
what level of detail local jurisdictions perceive and understand basic information and data 
relating to energy issues. The category of factual basis contains seven indicators. Each 
indicator is scored in terms of the level of detail. If an indicator is not mentioned in a 
LCP at all, it scores 0; if this indicator is just briefly presented in a LCP, it scores 1; if it 
is described in detail in a LCP, it scores 2. Details of indicators are specified in Appendix 
3 – Indicator Explanation for Practical Protocol.  
4.3.2 Category of Goals and Objectives 
As a foundational component, the clearly identified and achievable visions, goals and 
objectives are necessary for LCPs to develop energy efficiency-related policies, tools and 
strategies. A high-quality LCP should firstly determine specific goals and measurable 
objectives, which are often combined together. Thus, this category measures to what 
level of definition and details one LCP set goals and objectives relating to local energy 
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efficiency and energy conservation. Five indicators are listed in the category of goals and 
objectives. This category contains four indicators. If an indicator of this category is 
generally indicated, it scores 1; if it is clearly defined and stated in a LCP, it scores 2. 
Details of indicators are specified in Appendix 3 – Indicator Explanation for Practical 
Protocol. 
4.3.3 Category of Policies and Strategies 
Policies, regulations, and strategies are considered as a crucial portion of LCPs to achieve 
certain goals and objectives and satisfy the needs of variable stakeholders. This category 
examines to what level of mandatory attribute local jurisdictions integrate the well-
recognized policies and strategies into LCPs. There are 21 indicators in the category of 
policies and strategies. Among these indicators, 11 indicators are proposed in the Oregon 
statewide planning goal 13 – energy conservation, called state-guided (SG) indicators. 
The others are called extra (EX) indicators. If an indicator of this category is not 
mentioned in a LCP, it scores 0; if an indicator is just recommended or suggested with 
some specific words, such as “may”, “intend”, “encourage”, “suggest”, or others, this 
indicator scores 1; if an indicator is required or mandated with some specific words, such 
as “require”, “shall”, “must”, “shall”, “will”, or others, it scores 2. Details of indicators 
are specified in Appendix 3 – Indicator Explanation for Practical Protocol. 
4.3.4 Category of Coordination and Education 
Inter-organizational coordination and public education are key factors to influence 
decision makers to face complex problems. Inter-organizational coordination includes the 
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collaboration between various governments, organizations, stakeholders, federal agencies, 
and the private sector. The public involvement includes public meetings, training 
programs and seminars, and mass media. Through these ways, local governments come 
to understand the attitudes and aspirations of various stakeholders, and disseminate 
information about LCPs to the public. This category tends to assess to what level of detail 
LCPs promote inter-organizational coordination and public involvement. If an indicator 
is not mentioned in a LCP, this indicator scores 0; if this indicator is briefly present, this 
indicator scores 1; if an indicator is described with detailed information, it scores 2. 
Details of indicators are specified in Appendix 3 – Indicator Explanation for Practical 
Protocol. 
4.3.5 Category of Implementation and Monitoring 
A LCP is applied as a local planning tool to achieve goals and objectives of local 
jurisdictions in a predetermined time period. Implementation plays a crucial role in 
making adopted policies and strategies effective and enduring for the long-term period. 
Furthermore, various conditions of local jurisdictions change over time. Within some 
proper monitoring strategies, the LCPs can compare the achievement of policies and 
strategies against the original goals and objectives (IEA, 2000). So, changes of conditions 
need to be monitored as an evidence for local jurisdictions to update and amend their 
LCPs. If an indicator of this indicator is not mentioned, this indicator scores 0; if this 
indicator is briefly present, this indicator scores 1; if an indicator is specified with full 
explanation, it scores 2. Details of indicators are specified in Appendix 3 – Indicator 
Explanation for Practical Protocol. 
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4.4 Coding Instrument and Calculation Procedure 
4.4.1 Coding Instrument 
In order to neutralize the negative impacts of personal matters and improve the reliability 
of qualitative evaluation, this thesis applies the use of ATLAS ti 6.2, which is  world-
famous qualitative data analysis software, to build a code system based on the criteria of 
evaluation to display and calculate tabular data. The TALAS ti is widely used in diverse 
fields of scientific research, such as journalism, public health, education, etc. The 
integration of ATLAS helps this study determine whether and to what degree a LCP 
addresses any of the indicators in the criteria. The coding and scoring procedure of 
ATLAS is described as follows: 
• Open a new Hermeneutic Unit; 
• Add LCP documents (PDF version, recognized text preferred); 
• List the indicators of practical protocol, and organize indicators into different 
categories; 
• Open one LCP document in the main window of ATLAS; 
• Set key words or phrases to search the whole document; 
• Review the context environment of highlighted key words; 
• According to the score criteria, code the sentence or phases containing the key 
words with certain scores for the requirements they meet; 
• Adjust key words of other indicators, search the whole document, review the 
context of highlighted key words, score the coded sentences or phases; 
• Finish searching all key words in the whole document; 
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• Export a file containing the list of indicator scores with coded sentences or phases. 
The exported file could be Excel version, including a list of indicators, scores of 
indicators and coded sentences or phases in LCP documents. One of the advantages of 
the use of ATLAS is to organize the raw scouring data in clear tables, which are easy to 
check the accuracy of coded quotes. Furthermore, associated with the adjustment of 
evaluation criteria, ATLAS can easily adjust and revise the codes and quotes. 
As described before, the score scale of each indicator in this protocol is 0 to 2. The score 
scale of one category in this protocol is 0 to 10, so the maximum score of each plan 
within five categories is 50. All categories are equal weight to eliminate inconsistency. 
4.4.2 Calculation Procedure 
Associated with proposed research questions, the calculation and quantitative analysis 
contains several stages.  
The first stage is to get the scores of indicators, categories, and LCPs. Firstly, this study 
codes and scores indicators of practical protocol for each LCP document with the use of 
ATLAS. The details of the scoring process are presented in the previous section. And the 
rules of scoring indicators are proposed in Appendix 3 – Indicator Explanation for 
Practical Protocol. Then, the score of each category in each LCP is summed by the scores 
of indicators of each category. The maximum score of one category equals to the number 
of indicators multiplied by the maximum score of each indicator, which is defined as 2. 
For instance, the score scale of category of Factual Basis containing seven indicators is 0 
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to 14. The score scale of category of Policies and Strategies containing 21 indicators is 0 
to 42. 
To make the results of different plans more easily to be compared, the score of each 
category is standardized as ten, and the total score of each plan is fifty. The mathematical 
method is as follows: firstly, the sum of indicator scores in one category is divided by the 
maximum score of this category. Then, the result is multiplied by ten, so the final score 
of category is in the range of zero to ten. 
The second stage is for the descriptive statistical analysis. Associated with scores of 
indicators, standardized scores of categories and LCPs, this study calculates the 
descriptive statistics of the mean scores of indicators and categories of 60 LCPs within 
the applications of SPSS and Microsoft Excel. So the variables used for this analysis are 
mean scores of indicators and categories of the practical protocol. This analysis provides, 
firstly, the lowest and highest mean scores of indicators and categories. Associated with 
the second research question, this study supposes that the indicator or indicators received 
the greatest attentions from LCPs would get the highest score, and the indicator or 
indicators received the greatest attentions from LCPs would get the lowest scores. Then, 
this analysis also lists other parameters of the descriptive statistics of the mean indicator 
scores, including the median of mean scores of indicators, standard deviation, range, etc. 
The third step is to analyze the descriptive statistics of mean scores of categories, 
including minimum and maximum, median, standard deviation, variance, range, etc. The 
fourth step is to calculate the total scores of 60 LCPs which are the sum of standardized 
scores of five categories. So the score scale of one LCP score is 0 to 50. 
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The third stage is about the performance of indicator score according to the attributes of 
breadth and depth. This study uses the concepts of breadth and depth to examine the 
indicator performance in LCPs in detail. Specifically, the breadth score is to check to 
what portion of selected LCPs address this indicator. The depth score is to what level of 
detail or mandatory attribute LCPs address this indicator. The total indicator performance 
equals to the sum of breadth score and depth score. The score scale of breadth and depth 
is “0” to “1”. So the score scale of total indicator performance is “0” to “2”. 
4.4.3 Assumptions for Statistical Analysis 
In order to make the proposed statistical analysis reliable, some assumptions need to be 
considered for independent t-test. 
The first assumption is about the normal distributions of mean scores of indicators and 
total scores of LCPs. Because the number of indicators and LCPs are both larger than 30, 
the distributions of these variables can be considered as normality. 
The second assumption is about the independence. This study assumes that the mean 
scores of indicators are independent between each other, which also mean that the 
awareness of local jurisdictions on each indicator is irrelevant. It is also assumed that the 
total scores of LCPs are independent between each other, which are means that the 
capacities of local jurisdictions on energy efficiency are independent. The independence 
assumption also means that there are no influences between different local jurisdictions. 
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The third assumption is about the variance. This study assumes that the variances of the 
mean indicators of different groups for independence t-test. This assumption can mitigate 
error rates. 
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V. RESULTS 
In this chapter, the results of statistical analysis are presented in the following sections. 
According to these results, this study answers the research question (2): How capable are 
LCPs on local energy efficiency through the integration of practical protocol, and the 
research question (3): How LCPs respond to Oregon statewide planning goals and 
guidelines? This chapter reveals the weakness of current integration of local energy 
efficiency strategies into LCPs. And this chapter follows the scoring instrument and 
calculation process proposed in chapter four. 
5.1 Descriptive Statistics 
This section presents the descriptive statistics of indicators, categories, and LCPs to 
reveal the capacities of LCPs on local energy efficiency. The statistical analysis includes 
indicator scores, category scores, and total scores of LCPs. 
5.1.1 Indicator Scores 
With the use of ATLAS, all indicators of practical protocol are coded and scored for 60 
LCPs. Table 5-1 shows the descriptive statistics of indicator mean scores, including 
minimum, maximum, range, mean, standard deviation, and variance.  
Table 5- 1: Descriptive Statistics of Indicator Mean Scores 
  
Lowest Highest Range Mean Std. Deviation 
Indicator Mean Score 0.08 1.53 1.45 0.70 0.39 
(Score scale of each indicator: 0 to 2) 
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The highest mean indicator score of all indicators in practical protocol is 1.53, belonging 
to the indicator of 2.1-Promoting energy conservation in the category of Goals and 
Objectives. So the lowest mean indicator score is only 0.08, belonging to the indicator of 
3.6.1-Green infrastructure. And the range of indicator mean scores is 1.45. The mean of 
43 indicators’ mean scores is only 0.70, covering less than a half of the score scale of 
indicator as 2. Furthermore, the standard deviation of indicator mean scores is 0.39, 
covering around 20 percent of the score scale of indicator, which means that a moderate 
variation exists from the mean.  
 
Figure 5- 1: Distribution of Indicator Mean Score 
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5.1.2 Category Scores 
The descriptive statistics of each category scores are shown in Table 5-2. The lowest 
score of four categories is zero, including categories of Factual Basis, Goals and 
Objectives, Coordination and Education, and Implementation and Monitoring. A score of 
zero means that some local jurisdictions do not pay any attention on the categories in 
LCPs. Simultaneously, the highest scores of three categories are ten as the maximum 
category score, including categories of Goals and Objectives, Coordination and 
Education, and Implementation and Monitoring. And a score of ten means that some 
jurisdictions address all indicators of this category in LCPs. Associated with the lowest 
and highest category scores, the ranges of three categories’ scores equal to the score scale 
of category, “10”. The standard deviations of five categories are relatively higher, which 
means that the variation of category scores is relatively high.  
Table 5- 2: Descriptive Statistics of Category Scores 
Category Number of indicators Range Lowest Highest Mean Std. Deviation 
1. Factual Basis 7 8.57 0.00 8.57 3.18 2.23 
2. Goals and 
Objectives 4 10.00 0.00 10.00 4.77 2.25 
3. Policies and 
Strategies 21 7.14 0.48 7.62 3.96 1.55 
4. Coordination and 
Education 5 10.00 0.00 10.00 3.78 2.73 
5. Implementation 
and Monitoring 6 10.00 0.00 10.00 1.32 1.89 
(Score scale of each category: 0.00 to 10.00) 
 
Associated with the mean category scores as shown in Figure 5-2, the mean scores of five 
categories in the practical protocol are relative low. Specifically, the highest mean score 
is 4.77, belonging to the category of Goals and Objectives. The lowest mean category 
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score is 1.32, belonging to the category of Implementation and Monitoring. The mean of 
five category mean scores is 3.40, just covering one third of the maximum category score.  
 
(Score scale of each category: 0 to 10) 
Figure 5- 2: Mean Scores of Five Categories  
5.1.3 Scores of LCPs 
Table 5-3 presents the category scores and total scores of 60 LCPs. Specifically, 24 LCPs’ 
scores are lower than 15 points, which covers 30 percent of maximum score of a LCP. 
About 32 LCPs’ scores are in the range of 15 to 30 points, which covers 50 percent of the 
total number of LCPs. Only four LCPs’ scores are higher than 30, which are Jackson 
County, Portland City, Deschutes City, and City of Eugene and Springfield. The highest 
score of LCP is 37.69, covering about 74% of maximum LCP score, which belongs to 
Jackson County.  
 
 
Table 5- 3: Category Score and Total Scores of 60 LCPs 
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LCPs Factual Basis 
Goals & 
Objectives 
Policies & 
Strategies 
Coordination 
& Education 
Implemen
tation 
Total 
Score 
Albany 2.86 6.25 6.43 8.00 1.67 25.20 
Astoria* 2.86 0.00 3.10 4.00 0.00 9.95 
Beaverton 0.71 7.50 3.81 4.00 0.83 16.86 
Candy 4.29 5.00 3.10 4.00 0.83 17.21 
Cornelius 2.86 7.50 1.19 2.00 0.00 13.55 
Corvallis 6.43 3.75 5.48 2.00 2.50 20.15 
Cottage Grove 2.14 3.75 1.67 6.00 0.83 14.39 
Damascus 8.57 5.00 4.29 8.00 1.67 27.52 
Eugene & Spring 5.71 7.50 4.76 8.00 4.17 30.14 
Fairview 5.71 2.50 1.67 0.00 0.00 9.88 
Florenece* 1.43 7.50 4.29 0.00 0.00 13.21 
Grants Pass 5.00 5.00 4.05 4.00 2.50 20.55 
Gresham 1.43 5.00 4.52 4.00 0.83 15.79 
Hillsboro 1.43 5.00 3.33 6.00 0.00 15.76 
Hood River 0.00 5.00 4.05 2.00 0.00 11.05 
Keizer 0.71 5.00 3.81 2.00 0.00 11.52 
La Grande 2.86 5.00 2.86 0.00 1.67 12.38 
Lebanon 3.57 6.25 5.71 4.00 0.00 19.54 
Madras 2.86 5.00 2.62 0.00 0.00 10.48 
Mcminville 0.71 2.50 4.52 5.00 1.67 14.40 
Medford 4.29 5.00 5.24 2.00 0.00 16.52 
Milwaukie 5.00 6.25 4.29 5.00 1.67 22.20 
Molalla 2.86 6.25 5.71 6.00 1.67 22.49 
Newberg 0.00 5.00 3.33 0.00 0.00 8.33 
North Bend* 3.57 2.50 4.29 4.00 0.00 14.36 
Portland 1.43 10.00 6.19 10.00 10.00 37.62 
Prineville 4.29 2.50 3.33 2.00 1.67 13.79 
Redmond 1.43 5.00 4.76 4.00 1.67 16.86 
Salem 0.00 2.50 2.38 0.00 0.00 4.88 
Sandy 0.71 2.50 3.33 0.00 1.67 8.21 
Seaside* 1.43 2.50 2.38 0.00 0.00 6.31 
Silverton 7.14 5.00 5.24 2.00 0.00 19.38 
St Helens 0.00 7.50 2.38 2.00 0.00 11.88 
Stayton 4.29 5.00 5.00 0.00 1.67 15.95 
Sweet Home 1.43 0.00 0.48 2.00 0.00 3.90 
Talent 4.29 5.00 3.33 0.00 3.33 15.95 
The Dalles 1.43 2.50 7.14 4.00 1.67 16.74 
Tigard 7.14 7.50 4.52 6.00 3.33 28.50 
Troutdale 2.86 5.00 3.81 4.00 1.67 17.33 
Tualatin 1.43 2.50 1.43 2.00 0.00 7.36 
Umatilla 1.43 10.00 4.29 4.00 0.00 19.71 
Westlinn 1.43 10.00 4.76 4.00 1.67 21.86 
Wilsonville 0.00 5.00 1.90 2.00 0.00 8.90 
Winston 1.43 5.00 2.38 4.00 0.00 12.81 
Woodburn 0.00 7.50 3.33 2.00 0.00 12.83 
Benton 5.00 5.00 4.05 3.00 3.33 20.38 
Clackamas 4.29 5.00 5.48 7.00 3.33 25.10 
Clatsop* 4.29 3.75 3.57 7.00 1.67 20.27 
Columbia 4.29 2.50 5.71 6.00 1.67 20.17 
Crook 5.00 2.50 5.48 4.00 0.00 16.98 
Curry* 5.71 3.75 3.57 4.00 0.00 17.04 
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Deschutes 7.14 5.00 5.48 8.00 5.00 30.62 
Jackson 8.57 5.00 7.62 9.00 7.50 37.69 
Jefferson 2.86 2.50 2.14 2.00 0.00 9.50 
Josephine 1.43 0.00 2.14 2.00 0.00 5.57 
Lincoln* 3.57 5.00 2.14 8.00 0.83 19.55 
Linn 3.57 1.25 2.38 10.00 1.67 18.87 
Marion 5.00 5.00 5.95 5.00 0.00 20.95 
Polk 3.57 5.00 5.00 6.00 0.00 19.57 
Washington 5.00 7.50 6.19 2.00 3.33 24.02 
(* means the coastal local jurisdictions) 
(Total score scale: 0 to 50) 
 
Through Table 5-4, the mean score of 60 LCP scores is only 17.01, which covers about 
one third of maximum LCP score. This means that the capacity of LCPs on energy 
efficiency strategies is relatively low. The lowest LCP score is just 3.90, covering around 
8 percent of maximum LCP score. The range of LCP scores is about 33.79. Furthermore, 
the standard deviation of the LCP scores is 7.26, which is relatively high. Those two 
factors imply that LCPs have various capacities on local energy efficiency strategies. The 
distribution of LCP scores (Figure 5-3) shows that most LCPs are scored lower than 20 
points, and LCP scores around 15 points have the highest frequency. There are about 12 
LCPs that are scored about 15 points. 
Table 5- 4: Descriptive Statistics of LCP Scores 
 
Number of LCPs Range Lowest Highest Mean Std. Deviation 
LCP Score 60 33.79 3.90 37.69 17.01 7.26 
(Score scale of one LCP: 0 to 50) 
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Figure 5- 3: Distribution of LCP Mean Scores 
5.2 Scores of Indicator Performance 
In this section, the performance of indicator scores are assessed in two aspects, including 
the breadth score and depth score. The results are developed and analyzed based on 
different categories as follows. 
5.2.1 Category of Factual Basis 
As shown in Figure 5-4, for the breadth score, the lowest breadth score is only 0.07, 
belonging to the indicator of Awareness of GHG emission. This means that few local 
jurisdictions are aware of GHG emission. Besides indicator of Awareness of GHG 
emission, there are five indicators that are scored less than 0.50. And only indicator of 
Inventory of energy consumption and resources is scored higher than 0.50. This means 
that merely more than half number of LCPs address this indicator. 
 Figure 5- 4: Breadth and Depth Scores of Indicators in 
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 5.2.2 Category of Goals and Objectives
There are four indicators in the 
of indicators, according to the Figure 5
belongs to the indicator of controlling GHG emission, covering less than 20 percent of 
maximum score. The highest 
indicator of Promoting energy conservation.
Figure 5- 5: Breadth and Depth Scores of Indicators in 
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5.2.3 Category of Policies and Strategies 
The breadth and depth scores of indicator performance in the category of Policies and 
Strategies are shown in Figure 5-6. For the breadth scores, the top three indicators with 
lowest breadth scores in the category of Policies and Strategies are the indicator of green 
infrastructure, indicator of density bonuses, and the indicator of carbon tax credits. The 
lowest breadth score of indicator performance in the category of Policies and Strategies is 
only 0.06, belonging to the indicator of green infrastructure. The top three indicators with 
highest breadth scores in the category of Policies and Strategies are the indicator of urban 
bicycling/pedestrian development, indicator of energy-oriented zoning/subdivision, 
indicator of energy-efficient/alternative energy transportation. 
For the depth scores of indicator performance in this category, the lowest depth score is 
0.82, belonging to the indicator of flexible street design. The highest depth score is 0.95, 
belonging to the indicator of carbon tax/credits and the indicator of public facility 
efficiency.  
For the indicator performance scores as shown in Table 5-7, only two indicators are 
scored lower than 1.00, both of which are 0.88. The two indicators are the indicator of 
green infrastructure and the indicator of density bonuses. The highest indicator 
performance score in this category is 1.70, belonging to the indicator of urban bicycling 
pedestrian development, which covers about 85 percent of maximum score that one 
indicator can get. Six indicators’ performance scores are higher than or equal to 1.50, 
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which covers 75 percent of maximum score. And about 13 indicators’ performance 
scores are higher than or equal to 1.00, and lower than 1.50. 
 
 (* means SG indicators) 
Figure 5- 6: Breadth and Depth Scores of Indicators in 
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 5.2.4 Category of Coordination and Education
Associated with the indicators in 
breadth score of indicator performance is 0.55 (Figure 5
inter-organization/governmental communication/coordination. The other four indicators 
in this category are scored lower than 0.50. 
the indicator of coordinating with private sectors. This means that about four fifth of 
selected LCPs do not mention
local energy efficiency.  
About the depth scores of indicators in this category, 
organization/governmental communication/coordination 
maximum score. This means that LCPs mentioning this 
this indicator. The lowest depth
other plans/programs. 
Figure 5- 7: Breadth and Depth Scores of Indicator Performance in 
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 According to Table 5-8, the lowest 
Coordination and Education is 1.16, belonging to 
private sectors. The highest 
indicator of inter-organization
5.2.5 Category of Implementation and Monitoring
Figure 5- 8: Breadth and Depth Scores of Indicator Performance in 
Monitoring 
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information database for monitoring, indicator of tracking energy consumption on 
different levels, and indicator of designation responsibilities of local governments. The 
indicator of designation responsibilities of local governments is scored 0.92, which is the 
highest depth score in this category. Two indicators are scored lower than 0.80, which are 
the indicator of identification of costs or funding and indicator of prioritization for 
actions with measurable timelines. 
Two indicators receive performance scores lower than 1.00. The lowest indicator 
performance score is 0.82, belonging to the indicator of prioritization for actions with 
measurable timelines, covering about 40 percent of maximum performance score that one 
indicator can receive. The highest performance score is 1.09, belonging to indicator of 
tracking energy consumption on different levels and indicator of establishing an ongoing 
information database for monitoring.  
5.3 Descriptive Statistics of SG Indicators 
This section reveals the results of statistical analysis of SG indicators in order to 
understand the effectiveness of statewide planning goals and guidelines, including 
descriptive statistics and correlation relationship analysis.  
This section compares the differences between the scores of SG and EX indicators and 
uses independent t-test to check the significance. 
Table 5- 5: Breadth Scores of SG and EX Indicators 
Indicator types Mean Lowest Highest Standard Deviation 
SG indicators 0.50 0.22 0.72 0.16 
Ex indicators 0.35 0.50 0.80 0.21 
(Breadth Score Scale of one indicator: 0 to 1) 
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According to Table 5-10, for the breadth scores of SG indicators and EX indicators, the 
mean breadth score of SG indicator is 0.50, which is higher than that of EX indicator. 
The lowest breadth score of EX indicator (0.50) is higher than that of SG indicator (0.22). 
The highest breadth score of EX indicator (0.80) is also higher than that of SG indicators. 
This shows that the range of breadth scores of EX indicators is wider than that of SG 
indicator.  
Table 5- 6: Depth Scores of SG and EX Indicators 
Indicator types Mean Lowest Highest Standard Deviation 
SG indicators 0.89 0.84 0.93 0.29 
Ex indicators 0.89 0.75 1.00 0.71 
(Depth Score Scale for one Indicator is 0 to 1) 
 
The mean depth scores of SG indicators and Ex indicators are the same (Table 5-11). The 
differences of lowest depth scores of SG and EX indicators are not obvious, so are the 
differences of highest depth scores of SG and EX indicators.  
The mean performance scores of SG and EX indicators are close. Specifically, the mean 
performance score of SG indicators is 1.39, and that of EX indicators is 1.24. The lowest 
performance score of SG indicator (1.14) is higher than that of EX indicator (0.82). The 
highest performance score of SG indicator (1.63) is higher than that of EX indicator 
(1.76). So the range of performance scores of EX indicators is wider than that of SG 
indicators. 
Table 5- 7: Performance Scores of SG and EX Indicators 
Indicator types Mean Lowest Highest Standard Deviation 
SG indicators 1.39 1.14 1.63 0.17 
Ex indicators 1.24 0.82 1.76 0.24 
Performance Score Scale for one Indicator is 0 to 2 
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In order to prove whether there are any significant differences of scores between SG and 
EX indicators, this study runs the one-tailed independent sample t-test to check the 
significance with the application of SPSS. In order to process the t-test and correlation 
analysis, the EX indicators are coded as “0”, and SG indicators are coded as “1”. And the 
results are shown in Table 5-13. Associated with the results of independent t-test, the 
breadth scores of SG indicators are significantly higher than those of EX indicators (t-
value=2.185, p-value=0.018<0.05). The total performance scores of SG indicators higher 
than those of EX indicators (t-value=1.928, p-value=0.031). However, the depth scores of 
SG and EX indicators are not significantly different. The results of independent t-test are 
consistent with the descriptive statistics of SG and EX indicators. 
Table 5- 8: Independent Sample t-test of Scores of SG and EX Indicators 
 
t-value P-value Mean Difference Std. Error Difference 
Breath 2.185 0.018* -0.1474 0.6749 
Depth a 0.368 0.715 -0.0056 0.0153 
Performance 1.928 0.031* -0.1531 0.0794 
(a: equal variation assumption is violated; *: t-test is significant at the 0.05 level (1-tailed)) 
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VI. DISCUSSION AND CONCLUSION 
According to the results in the previous chapter, this chapter elaborates some significant 
findings in this study, and then, presents a set of recommendations on policy making for 
local governments to promote the integration of the proposed practical protocol into 
LCPs to facilitate the establishment of NZECs through local comprehensive planning and 
policy. Then, this study further explains the theoretical and policy contributions of this 
study. Based on the innovation adoption theory and previous studies of plan evaluation, 
this study builds a practical protocol containing a series of local energy efficiency 
strategies and policies, which is integrated in LCPs to facilitate the establishment of 
NZECs. Indicators of this protocol are derived from the academic publications of 
professional organizations and state mandates to assure the validity and rationality of 
these elements. In the last section of this study, the answers to the four research questions 
and limitations of this study are stated. 
6.1 Discussion 
6.1.1 Key Findings 
Based on the results in the previous chapter, this section presents the findings of the study 
about the capacity of LCPs on local energy efficiency strategies in Oregon, which are 
described as follows: 
• Firstly, taking it by and large, in this study, LCPs in selected local jurisdictions 
have limited capacities to facilitate the establishment of NZECs through local 
planning and policy. Among the selected 60 LCPs, the highest score of a LCP is 
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37.69 (covering more than 60% of total score of a LCP), and the lowest score of a 
LCP is only 3.90 (covering less than 7% of total score of a LCP). The range of the 
scores of 60 LCPs is 33.79, which means the capacities of LCPs on local energy 
efficiency strategies vary widely. Associated with scores of five categories in the 
practical protocol, the mean scores of five categories are all less than four, which 
means LCPs have limited capacities on local energy efficiency strategies in various 
aspects. Specifically, the selected LCPs have the greatest capacity of setting goals 
and objectives (mean score is 4.77 out of 10), relative greater capacity in specifying 
policies and strategies (mean score is 3.96 out of 10), and facilitating coordination 
and education (mean score is 3.78 out of 10), relative weaker capacity in presenting 
factual basis information (mean score is 3.18 out of 10), and weakest capacity in 
implementing and monitoring adopted policies (mean score is 1.32 out of 10). If 
some policy associated with local energy efficiency is adopted in a LCP, it is 
specifically addressed with detailed information. That is why most indicators have 
high depth scores but low breadth scores. These results imply that, for the innovation 
adoption process, actors are lack of abilities to adopt the innovation in all stages. 
Next, the details of findings are stated. 
• Based on the results of the factual basis category, this study reveals a finding that 
the selected LCPs contain limited basic knowledge and predicted information about 
local energy efficiency, such as energy utility inventory, awareness of state mandates 
and guidelines, GHG emission, and prediction of energy consumption growth, which 
is the reason for the low breadth scores of these indicators in the factual basis 
category. Among those kinds of basic information and knowledge, the awareness of 
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GHG emission is ignored by most local jurisdictions in planning documents, and 
information about energy utility inventory is the second most ignored by LCPs. 
Simultaneously, selected LCPs mostly address details of basic information and 
knowledge associated with local energy efficiency, so the depth scores of the 
indicators in the factual basis category are commonly high. For the innovation 
adoption process, based on the results of the factual basis category, actors do not gain 
enough information and knowledge to understand the innovation. 
• The selected LCPs have various capacities on local energy efficiency in goals and 
objective aspects, according to the results chapter. They generally set common goals 
to conduct the policy making and local implementation for the establishment of 
NZECs because the category score of goals and objectives are highest among the 
five categories in the practical protocol. However, while some LCPs set specific 
goals and measurable objectives associated with local energy efficiency, some other 
LCPs do not mention such goals and objectives at all. This gap results in the breadth 
scores are low, but depth scores are high. Similar as the factual basis category, 
controlling GHG emission is ignored by most LCPs as goals. However, promoting 
energy conservation is recognized as a goal associated with local energy efficiency 
by most LCPs, and it may be because that state mandates and guidelines set the 
promotion of energy conservation as a goal. Even though, there are still 12 LCPs do 
not set it as a goal. For the innovation adoption process, actors do not set proper 
goals to achieve for the establishment of NZECs.  
• Policies and strategies are the primary planning tools on local development. In 
this study, LCPs have relative stronger abilities to address energy-related issues 
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through adequate planning policies and strategies. Similar with the factual basis and 
goals and objectives, the depth scores of indicators in this category are mostly high, 
which means that all these indicators are mostly required in LCPs to assure the 
performance of these planning tools to promote local energy efficiency. However, 
the acceptances of various policies by LCPs vary widely. Compared with traditional 
planning tools, some new tools, such as green infrastructure, density bonuses, and 
flexible street design, are narrowly recognized in a small group of LCPs. The 
effectiveness of these tools needs to be proved and examined before they are widely 
used. For the innovation adoption process, actors made a moderate decision at the 
decision stage to promote the establishment of NZECs.  
• LCPs have similar capacities in coordination and education with policies and 
strategies. More than half of the selected LCPs address the inter-organizational 
coordination with details. However, just one fifth of LCPs consider to corporate with 
private sectors in the energy field. Conflict management is also narrowly used in a 
small group of LCPs to deal with the conflicts among various aspects to assure the 
effectiveness of planning tools. For the innovation adoption process, this result can 
also prove that actors made a moderate decision at the decision stage to promote the 
establishment of NZECs. 
• LCPs have weakest capacities to implement the adopted planning tools and 
monitor the effectiveness during the implementation process. Most indicators in this 
category are merely applied by a small group of LCPs, which is explained by the low 
breadth scores in this category. Least number of LCPs prioritizes actions with 
timelines to implement these actions. Few LCPs assign the responsibilities for 
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various actors and stakeholders. However, as long as LCPs address some indicators, 
these indicators are addressed in details. For the innovation adoption process, at the 
implementation and confirmation stages, LCPs have weak abilities to implement and 
monitor the innovation adoption. 
• The effectiveness of statewide planning goals and guidelines are partially 
examined in this study. Based on the one-tailed independent sample t-test, it is 
proved that these policies suggested by statewide planning goals are more widely 
addressed than these policies, which are not suggested by planning goals. But there is 
no evidence to show that these state suggested policies and actions are adopted with 
more details or mandatory to be implemented than those that are not state suggested. 
One of the reasons is that Oregon just requires local jurisdictions to address the 
statewide planning goals, but the guidelines are suggested. 
6.1.2 Recommendations 
Based on these findings, this study presents the strengths and weaknesses of LCPs in 
integrating local energy efficiency strategies to facilitate the establishment of NZECs. 
Therefore, several recommendations are stated for local governments to enhance the 
capacities of LCPs on local energy efficiency strategies and to establish NZECs with 
respect to local planning and policy. 
• The first recommendation in this study is to show a possible path towards the 
establishment of NZECs in local planning and policy respective for local 
jurisdictions. As described previously in this study, NZEC is considered as an 
ultimate solution for local energy consumption issues. Associated with the goal of 
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net zero energy in community scale, the demand-control approaches are more cost-
effective and realistic for local governments, landowners, and other stakeholders. 
Local planning, using such tools as the LCP, has great potential to develop various 
planning policies to reduce insatiable appetite for energy supply and to maximize 
energy efficiency. Furthermore, some energy-related policies in local plans can also 
improve renewable energy supply and production. The establishment of NZECs can 
be achieved by the collaboration of two types of policies in local plans. What is 
needed firstly is a possible path to inspire the local governments to develop NZECs 
in the respective of local planning and policy. Within the path for local jurisdictions 
to develop NZECs in the respective of local planning and policy, local governments 
are able to develop effective local energy efficiency policies and strategies to be in 
LCPs to achieve the goal of NZECs. 
• The second recommendation is to build a solid factual basis of local energy-
related issues in LCPs, which is consistent with some previous researches (Tang, 
2010). In order to achieve the goal of net-zero energy, it is essential to build solid 
and thorough factual basis about local energy consumption and related issues, such 
as variable energy consumption, GHG emission, energy utility inventory, population 
growth, etc. Decision makers and planning professionals may be misdirected by 
insufficient information to develop inconsequential policies and strategies to promote 
local energy efficiency. Some state and federal agencies, professional organizations, 
and non-public organizations (NPOs) can provide a variety of data and information 
of energy consumption for local governments to understand the basic knowledge.  
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• The third recommendation in this study is taking full advantages of local planning 
tools to address energy-related issues in various fields of local development. As 
stated before, some current LCPs do not address some innovative policies to promote 
local energy efficiency for the establishment of NZECs, such as green infrastructure, 
flexible street design, low impact development, etc. Also, it is necessary to maximize 
the effectiveness of demand-control policies and strategies, and moderately develop 
supply-led policies to promote the utilization of renewable energy. Furthermore, 
some energy-oriented financial tools and programs can be used in local jurisdictions 
to conduct the energy efficiency behaviors.  
• The last but equal important recommendation is to enhance the implementation 
and monitoring process, including establishing developing real-time consumption-
based database to monitor local-level energy consumption, and designating an 
interdisciplinary teams to manage policy implementation. As an innovative 
implementation and monitoring tool, this database is able to assess the effectiveness 
and weakness of the adopted energy policies and strategies for the future 
amendments and updates. And the interdisciplinary team containing professionals 
with various academic backgrounds, such as economies, engineering, environmental 
protection, historical protection, etc., can deal with the complex challenges caused by 
energy consumption. 
6.2 Theoretical Contribution and Policy Implication 
The theoretical contribution of this study is that it provides a distinctive perspective of 
policy innovation theory to develop NZECs with respect to local planning and policy by 
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incorporating the concept of NZECs with innovation adoption theory in LCPs. The 
intellectual merit of this study is that it reveals the linkage between local energy issues 
and local land use planning by deeply understanding the characteristics of NZECs as a 
local policy innovation. This study also expands the policy innovation theory in the fields 
of local energy efficiency strategies and local land use planning, which is defined as the 
theoretical foundation of the practical protocol that is integrated in LCPs to address local 
energy issues.  
This study also makes contribution to methodological innovation for planning assessment 
methodologies. The application of ATLAS can help researchers, and local planners 
effectively review and code local plans, and systematically record the coding procedure 
and useful information in some readable forms, such as pdf and doc files. 
Finally, the policy implication for other local jurisdictions and governments is that the 
application of policy innovation theory in this study is able to conduct local jurisdictions 
to pay more attention on local energy issues and present a possible path towards the 
establishment of NZECs in local planning and policy respective. Even every local 
jurisdiction has unique conditions of energy consumption. They can also mitigate and 
address local energy-related issues based on advancing the understanding of local policy 
innovation and the relationship between key characteristics of local energy efficiency and 
local land use planning. This study reveals the abilities of local plans to address local 
energy-related issues and how to improve the capacities of LCPs on local energy 
efficiency. By the possible path, local governments can integrate the practical protocol in 
LCPs for the establishment of NZECs and local energy efficiency. 
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6.3 Conclusion 
6.3.1 Conclusion 
The results and previous analysis address the four research questions in this study.  
For question 1: what kind of indicators should be concerned in LCPs for local energy 
efficiency. Based on the innovation adoption theory and key attributes of NZECs, this 
study establishes a protocol with five categories and a series of indicators to address 
various local issues. The five categories are also corresponding to five stages in the 
innovation adoption process. And indicators are derived from Oregon statewide planning 
goals and guidelines, Policy Guides on various fields by APA, and some other 
professional publications (Appendix 3: Indicator Explanations for Practical Protocol). 
For question 2: how capable are LCPs to implement local energy efficiency strategies 
through integration with the practical protocol. The results indicate that the selected LCPs 
have relative limited capacities on local energy efficiency strategies. Specifically, the 
selected LCPs have the greatest capacity of setting goals and objectives, relative greater 
capacity in specifying policies and strategies, and facilitating coordination and education, 
relatively weaker capacity in presenting factual basis information, and weakest capacity 
in implementing and monitoring adopted policies. 
For research question 3): how LCPs respond to Oregon statewide planning goals and 
guidelines. This study presents that the statewide planning goals and guidelines are better 
represented in LCPs, compared to other indicators in the practical protocol. However, 
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because this study cannot prove that the statewide planning goals and guidelines are able 
to enhance the capacity of LCPs. 
For research question 4): how can the capacities of LCPs for achieving local energy 
efficiency for the establishment of NZECs be improved. Based on the findings and 
recommendations indicated in previous sections, this study recommends several ways to 
improve the capacities of LCPs on local energy efficiency for the establishment of 
NZECs, including showing the possible path towards the NZECs for local jurisdictions, 
building solid factual basis of local energy-related issues in LCPs, developing practical 
guidance to help localities understand state guides and mandates on energy efficiency, 
and taking full advantages of local planning tools to address energy-related issues in 
various fields of local development. 
6.3.2 Study Limitations 
The first limitation of this study is that the results and conclusions of this study cannot 
reflect the time-related dynamic planning process. This study just focuses on the LCP 
documents. It just examines the preparedness of local governments on local energy 
efficiency strategies, not the effectiveness of planning policies in the implementation 
process, but. So the results of this study may not be consistent with the awareness of local 
energy efficiency. 
The second limitation is that this study only examines the capacities of LCPs on local 
energy efficiency. However, there are some other types of local plans, such as stand-
alone energy plan, climate change plan, etc., which also can promote local energy 
efficiency in local planning and policy respective. 
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The third limitation is that some indicators in the practical protocol are derived from 
Oregon statewide planning goals and guidelines, some results cannot be implied outside 
Oregon. Future study intends to develop some unified criteria to assess LCPs’ capacities 
in other places. Also, a set of factors relating to local energy issues will be examined 
whether and to what degree they can impact the abilities of LCPs to promote local energy 
efficiency for the establishment of NZECs.  
The second limitation is the scoring procedure is still influenced by personal matters, 
though the software of ATLAS is applied for mitigating the negative impact of personal 
matters. One possible solution is to enrich the scopes and accuracy of key words, so that 
ATLAS can precisely code the phases or sentences relating to the indicators in LCPs. 
As more and more local jurisdictions realize the urgent needs for local energy efficiency, 
local governments and planning professionals are motivated to raise local energy plans 
for the establishment of NZECs in local planning and policy aspects. Even this study 
build a practical protocol based on the innovation adoption theory and key attributes of 
NZECs, there are still some challenges need to be faced, such as local economy, human 
health, and environmental justice, etc. In the future, it is believed that more and more 
cities will maximize local energy efficiency to reach the goal of NZECs. What they need 
to do now is identifying the strength and weakness of current LCPs and taking immediate 
actions to improve the capacities of LCPs on local energy efficiency for the establishment 
of NZECs. 
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APPENDICES 
Appendix 1: List of Selected Local Jurisdictions 
Local Jurisdictions Population Year of LCPs 
County 
Benton 85579 2007 
Clackamas 375992 2005 
Clatsop 37039 2005 
Columbia 49351 2001 
Crook 20978 2003 
Curry 22364 2009 
Deschutes 157733 2011 
Jackson 203206 2004 
Jefferson 21720 2007 
Josephine 82713 2005 
Lincoln 46034 2009 
Linn 116672 2002 
Marion 315335 2008 
Polk 75403 2004 
Washington 529710 2008 
City 
Albany 50158 2004 
Astoria 9477 2010 
Beaverton 89803 2008 
Canby 15829 2007 
Cornelius 11869 2005 
Corvallis 54462 2006 
Cottage Grove 9686 2004 
Damascus 10539 2010 
Eugene 156185 2004 
Fairview 8920 2004 
Florence 8466 2008 
Grants Pass 34533 2008 
Gresham 105594 2005 
Hillsboro 91611 2004 
Hood River 7167 2006 
Keizer 36478 2003 
La Grande 13082 2005 
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Lebanon 15518 2004 
Madras 6046 2006 
McMinnville 32187 2004 
Medford 74907 2004 
Milwaukie 20291 2002 
Molalla 8108 2010 
Newberg 22068 2007 
North Bend 9695 2003 
Potland 583776 2006 
Prineville 9253 2007 
Redmond 26215 2001 
Salem 154637 2005 
Sandy 9570 2008 
Seaside 6457 2003 
Silverton 9222 2002 
Springfield 59403 2004 
St. Helens 12883 2006 
Stayton 7644 2009 
Sweet Home 8925 2003 
Talent 6066 2007 
The Dalles 13620 2006 
Tigard 48035 2007 
Troutdale 15962 2011 
Tualatin 26054 2004 
Umatilla 6906 2010 
West Linn 25109 2006 
Wilsonville 19509 2004 
Winston 5379 2003 
Woodburn 24080 2005 
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Appendix 2: Oregon Statewide Planning Goals and Objectives – Goal 13: 
Energy Conservation 
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Appendix 3: Practical Protocol and Indicator Measurement 
Categorie
s 
Sub-
Categorie
s 
Indicators Description Justification Key Words Resource 
1. Factual 
Basis 
1-1. 
Inventory 
1.1.1. 
Inventory of 
Energy 
consumption 
and resources 
As a vital part of the factual basis, it is 
important to collect data about energy 
consumption in a local jurisdiction. 
Within the data collected, decision 
makers can identify the most important 
energy types and the highest GHG 
emitters (UN-HABITAT, ICLEI, AND 
UNEP, 2009). The quantitative data can 
be collected by fuel type (petrol, gas, or 
electricity) or by the sectors (the 
residential sector, the transport sector, 
industry, and so on). 
If a LCP does not mention the 
energy consumption, the score of 
this indicator is 0; if a LCP just 
generally describe a general 
portion of energy consumption 
by sector or by fuel type, this 
indicator scores 1; if a LCP 
details the percentage of energy 
consumption by sector or by fuel 
type with an explanation, this 
indicator scores 2. 
Estimated 
energy 
consumption, 
energy usage 
inventory 
UN-HABITAT, 
ICLEI, and 
UNEP, 2009 
1.1.2. 
Importance of 
energy 
efficiency 
Promoting energy efficiency is the vital 
trend for local communities to "stabilize a 
growing hunger for secure energy supply, 
avoid pollution and wasteful industries 
and power systems, reduce GHG 
emissions, and shun development paths 
that condemn citizens to high transport 
costs" (UN-HABITAT, ICLEI, AND 
UNEP, 2009). In the foreseeable future, 
the traditional energy sources will be 
depleted (APA, 2004). Realizing this 
importance, local jurisdictions have 
motivations to develop and implement the 
energy efficiency strategies. 
If the importance of energy 
efficiency is clearly presented 
with detailed explanations in a 
LCP, this indicator scores 2; if a 
LCP just states the importance of 
energy efficiency without 
explanations, this indicator 
scores 1; if a the importance of 
energy efficiency is not 
mentioned in a LCP, it scores 0. 
Importance of 
energy 
efficiency, 
significance of 
energy 
conservation 
UN-HABITAT, 
ICLEI, and 
UNEP, 2009; 
APA, 2004  
1.1.3. 
Awareness of 
state 
mandates/gui
delines on 
energy 
efficiency 
In order to keep consistency with state 
policies, local jurisdictions need to be 
aware of the current state mandates or 
guidelines for energy efficiency. The 
local jurisdictions' awareness of state 
mandates impacts the capacities of LCPs 
on energy efficiency. 
If a LCP does not mention 
proposed state mandates or 
guidelines, this indicator scores 
0; if a LCP briefly indicates state 
mandates without explanations, 
this indicator scores 1; if a LCP 
fully explain state mandates, it 
State mandates, 
state guidelines APA, 2004 
96 
 
 
scores 2. 
1.1.4. 
Awareness of 
GHG 
emission 
In order to maintain the temperature of 
the Earth, GHGs are necessary. However, 
too much GHG in the atmosphere will 
raise the temperature (UN-HABITAT, 
ICLEI, AND UNEP, 2009). As known to 
all, the significant cause of GHG 
emission is the consumption of 
petroleum-based energy, such as fossil 
oil, natural gas, coal, and kerosene. The 
awareness of GHG emission can motivate 
decision makers and citizens to promote 
energy efficiency. A local GHG inventory 
is a significant part of GHG-reduction 
strategy in local level. However, there are 
still numerous challenges for local 
communities to develop the practical 
protocols to measure GHG emission and 
locate the GHG sources. Identifying the 
easiest reduction opportunities and set 
priorities are the purpose of local GHG 
inventories (Shuford, Rynne, and 
Mueller, 2010). 
If a LCP does not mention the 
significance of GHG emission, 
this indicator score 0; if a LCP 
just generally mention GHG 
emission and its impact without 
details, this indicator score 1; if a 
LCP describe the sources, types, 
significance, and impacts of 
GHG with details, this indicator 
scores 2. 
GHG emission, 
CO2 emission, 
UN-HABITAT, 
ICLEI, and 
UNEP, 2009 
1.1.5. Energy 
utility 
Inventory 
The inventory of various energy utilities 
is necessary for local jurisdictions to 
understand the capacities of energy 
production and transmission. This 
inventory should include locations and 
capacities of different energy storages and 
generators, routing maps of energy 
transmission. 
If a LCP does not mention the 
energy utility inventory, this 
indicator scores 0; if a LCP 
briefly lists the energy utilities 
without details, this indicator 
scores 1; if a LCP specifies the 
energy utilities with details like 
type, capacity, and others, this 
indicator scores 2. 
energy utility 
inventory 
UN-HABITAT, 
ICLEI, and 
UNEP, 2009 
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1-2. 
Prediction 
1.2.1. 
Prediction of 
future energy 
consumption 
Based on the estimated land use and 
population growth, the prediction of 
energy consumption can be calculated. 
This prediction is useful for local 
jurisdictions to propose new development 
of energy utilities and local energy 
efficiency strategies. 
If a LCP does not mention the 
prediction of energy 
consumption, this indicator 
scores 0;  if a LCP briefly 
introduces the growth trend of 
future energy consumption 
without details, this indicator 
scores 1;  if a LCP predicts the 
future energy consumption with 
quantitative data, this indicator 
scores 2. 
Future energy 
consumption, 
prediction of 
energy 
consumption 
UN-HABITAT, 
ICLEI, and 
UNEP, 2009 
1.2.2. 
Projection of 
population 
growth 
Rapid population growth stimulates 
insatiable appetite for energy supplies. 
Most GHG emission is caused by human 
activities directly or indirectly. 
Furthermore, projection of population 
growth is indispensable for local 
jurisdiction to accomplish a high-quality 
LCP. So, Local jurisdictions can propose 
proper energy efficiency strategies 
according to the estimated land use 
development corresponding the projection 
of population growth within a certain 
time period. 
If a LCP does not consider the 
projection of population growth, 
this indicator scores 0; if a LCP 
only briefly indicates the future 
trend of population growth and 
age structure, this indicator 
scores 1; if a LCP details the 
projection of population growth 
and age structure within 
different time periods, it scores 
2. 
Population 
projection, 
population 
growth, 
population 
change, age 
structure 
APA, 2004 
2. Goals and 
Objectives 
2.1. 
Promoting 
energy 
conservation 
Energy conservation is considered as a 
crucial goal of local energy efficiency 
strategies. Through various policies and 
strategies, local jurisdictions are able to 
conserve energy in all sectors of human 
life. 
If a LCP does not consider 
promoting energy conservation, 
this indicator scores 0; if a LCP 
generally consider promoting 
energy conservation as a goal, 
this indicator scores 1; if a LCP 
considers energy conservation as 
a goal with details, this indicator 
scores 2. 
Promote energy 
conservation, APA, 2004 
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2.2. 
Increasing 
renewable 
energy use 
As mentioned in several national-level 
energy plans (New Energy for America 
(NEA), 2008; Center for American 
Progress (CAP), 2008; the New Apollo 
Program (Apollo), 2008; and Transition 
to Green (Green), 2008), increasing the 
portions of renewable use is one of the 
most significant vision targets. This goal 
is able to effectively conserve fossil fuel 
and also increase green jobs (Logan and 
James, 2009). 
If a LCP does not consider the 
use of renewable energy as a 
goal of local community 
development, this indicator 
scores 0; if a LCP generally 
encourage renewable energy use 
without types of available 
renewable energy source and 
other details, this indicator 
scores 1; if a LCP consider 
promoting the renewable energy 
use with specific growth 
percentage or numbers of 
different types of renewable 
energy sources, this indicator 
scores 2. 
Promote 
renewable 
energy use, 
increase the 
portion of 
renewable 
energy, 
APA, 2004; 
APA, 2011 
2.3. 
Controlling 
GHG 
emission 
Reduction of GHG emission is the 
significant way to protect environment 
and control climate change, based on 
current researches (Shuford, Runne, and 
Mueller, 2010). And this local goal is also 
stated in national-level energy plans 
(Green, 2008; NEA, 2008; CAP, 2008). 
If a LCP does not consider to 
control GHG emission, this 
indicator scores 0; if a LCP 
generally tends to control GHG 
emission without specified 
objectives, it scores 1; if a LCP 
proposes controlling GHG 
emission as a goal of local 
energy efficiency strategies with 
certain quantitative objectives, 
this indicator scores 2. 
Control GHG 
emission, 
mitigate GHG 
emission 
APA, 2011 
2.4. 
Developing 
compact 
urban form 
Developing the compact urban form are 
able to effectively reduce the dependence 
on private automobile to control the GHG 
emission,  appropriately increase the 
density of urban development and control 
the insatiable urban sprawl, and control 
the cost on public infrastructure. 
If a LCP does not consider to 
develop a compact urban form, 
this indicator scores 0; if a LCP 
just consider the compact urban 
development as one of the goals 
and objectives, but does not 
describe the details, such as the 
urban growth boundaries and 
appropriate density for different 
land use, this indicator scores 1; 
if a LCP considers developing 
compact urban form as one goal 
of community development and 
control urban 
sprawl, compact 
urban 
development, 
APA, 2004; 
APA, 2011 
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specifies detailed objectives, 
these indicators score 2. 
3. Policies 
and 
Strategies  
3.1. 
Energy 
resource 
3.1.1. 
Promoting 
renewable 
energy 
utilization* 
There are numerous types of resources to 
provide renewable energy in local 
jurisdictions. So different types of 
renewable energy are applicable in 
different conditions. With a minimum 
impact on environment, Renewable 
energy is able to utilized to produce 
electricity and provide alternative fuel 
options instead of traditional energy 
sources 
If a LCP does not consider any 
policy to utilize renewable 
energy, this indicator scores 0; if 
a LCP recommends or suggests 
local governments to utilize 
renewable energy, this indicator 
scores1; if a LCP require local 
governments to utilize some 
certain types of renewable 
energy, this indicator scores 2. 
Renewable 
energy usage, 
renewable 
energy 
utilization 
APA, 2004; 
DLCD, 1974 
3.1.2. Energy 
resource 
assessment* 
Local governments need to assess the 
capacity and quality of energy resources 
that can be facilitated to provide energy to 
support community development. 
Associated with the energy resource 
assessment, local jurisdictions are able to 
propose the stable energy supplies. The 
energy resource assessment should survey 
the resource types and locations, reserves 
of energy sources, and cost of energy 
production. The difference between 
energy resource assessment and energy 
resource inventory is that the assessment 
contains the cost analysis of energy 
resources. 
If a LCP does not mention 
energy resource assessment, this 
indicator scores 0; if a LCP 
recommends or supports local 
governments to assess energy 
resources, this indicator scores 1; 
if a LCP requires local 
governments to assess energy 
resources, it scores 2. 
Energy resource 
assessment 
UN-HABITAT, 
ICLEI, and 
UNEP, 2009; 
DLCD, 1974 
100 
 
 
3.1.3. 
Locational 
efficiency 
This indicator focuses on deciding the 
locations of small- or large- scale energy 
equipments and utilities. The proper 
siting decision of energy equipments 
close to energy resources or energy 
consumers can promote local energy 
efficiency. Some renewable energy 
equipments, like hydropower plant, need 
to locate close to resources; and some 
other equipments, like portable solar 
panels, locates to consumers to reduce 
energy loss in transmission. Also, the 
route planning of energy supply needs to 
be considered. 
If a LCP does not consider the 
selections of locations of energy 
equipments, it scores 0; if a LCP 
recommend or suggests local 
governments to choose proper 
locations of energy equipments, 
it scores 1; if a LCP requires or 
mandates local governments to 
consider the locations of energy 
equipments and prioritize the 
proper land use for energy 
utilities with planning tools, it 
scores 2. 
Energy resource 
location, energy 
utility location 
APA, 2004 
3.2. Land 
Use & 
Zoning 
3.2.1. Mixed 
land-
use/Cluster 
development* 
Mixed land use planning is able to 
promote local energy conservation and 
reduce GHG emission through siting 
diverse land uses in one certain area. 
Specifically, mixed land use reduces the 
travel distances between different 
destination and the dependence on private 
vehicles and promotes the use of 
alternative transportation models, such as 
public transit, walking, and biking. 
If a LCP does not consider any 
policies about mixed land-use 
development, this indicator 
scores 0; if a LCP recommends 
or suggests mixing land uses in 
one area, it scores 1; if a LCP 
requires local governments to 
consider policies about mixed 
land use development in the 
future, it scores 2. 
Mixed land use, 
mixed uses 
development 
APA, 2011; 
DLCD, 1974  
3.2.2. Infill 
development* 
Redevelopment and infill development in 
existing communities is more cost-
effective than the development in new 
communities. Infill development is able 
to promote local energy conservation 
through reuse of existing buildings to 
improve energy efficiency of old 
structures and conserve energy on new 
constructions. Also, it limits the needs for 
new facilities and roads. 
If a LCP does not consider any 
policies about infill 
development, this indicator 
scores 0; if a LCP recommend or 
suggests infill development in 
local jurisdictions, this indicators 
scores 1; if a LCP requires local 
government to highly prioritize 
infill development or 
redevelopment in existing 
communities and neighborhoods, 
it scores 2. 
Infill 
development, 
redevelopment, 
APA, 2011 
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3.2.3. Energy-
oriented  
zoning 
/Subdivision 
standards* 
As one of the most commonly used 
planning tools, energy oriented zoning 
ordinance can effectively promote local 
energy efficiency, and facilitate the 
renewable energy use. New zoning 
ordinances should promote compact 
urban development, mixed land uses, 
transit-oriented development to promote 
energy efficiency. 
If a LCP does not formulate the 
energy-oriented zoning land use 
policies, this indicator scores 0; 
if a LCP just recommends 
developing energy-oriented 
zoning ordinances, this indicator 
scores 1; if a LCP requires local 
governments to develop or 
update energy-oriented zoning 
ordinances, this indicator scores 
2. 
Energy oriented 
zoning, energy 
oriented 
subdivision, 
zoning for 
energy 
conservation 
APA, 2004; 
APA, 2011; 
DLCD, 1974 
3.2.4. Control 
of urban 
growth 
boundary 
The establishment of urban growth 
boundary is able to control unhealthy 
urban sprawl and protect some sensitive 
environmental area. Also, this policy can 
promote compact urban form, reduce 
vehicle mileage travelled to control GHG 
emission, and reduce the burdens of local 
governments to develop and operate 
public facilities for urban sprawl. 
If a LCP does not consider the 
urban growth boundary, this 
indicator scores 0; if a LCP 
recommends or suggests 
developing urban growth 
boundary without detailed area 
or explicit maps, it scores 1; if a 
LCP proposes urban growth 
boundary with explicit maps or 
detailed explanations, it scores 2. 
Urban growth 
area, urban 
growth 
boundary 
APA, 2011 
3.2.5. High 
density 
development* 
High density development also means a 
more compact urban form to organize 
diverse destinations close to reduce the 
trip distances and GHG emission by 
private vehicles to conserve fossil fuel. 
If a LCP does not consider the 
high density development, this 
indicator scores 0; if a LCP 
recommend or suggests 
developing high density 
communities, it scores 1; if a 
LCP requires to develop 
appropriately high dense 
communities with a specific 
density criteria, this indicator 
scores 2. 
High density 
development, 
high dense 
community, 
APA, 2011; 
DLCD, 1974 
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3.3. 
Transport
ation 
3.3.1. Transit-
oriented 
development* 
Transit-oriented development is 
considered as one of effective method to 
conserve energy and promote energy 
efficiency in the sector of transportation. 
Developing mixed high density 
communities or neighborhoods along 
major transit corridors within a variety of 
transportation modes is able to reduce the 
dependence on private vehicles and GHG 
emission, promote the uses of non-auto 
transportation modes and high density 
development. 
If a LCP does not consider the 
Transit-oriented development, 
this indicator scores 0; if a LCP 
recommends or suggests 
developing Transit-oriented 
development, this indicator 
scores 1; if a LCP requires 
Transit-oriented development, it 
scores 2. 
Transit-oriented 
development 
APA, 2010; 
DLCD, 1974 
3.3.2. Energy-
efficient / 
alternative 
energy 
transportatio
n 
The transportation sector is considered as 
one of the most energy consumers and 
discharges most GHG in the human 
environment. And private automobile has 
low energy efficiency and is primary 
source of GHG emission. As energy 
efficiency technologies develop and 
public cognition increases, there are 
emerging energy efficiency transportation 
options for the replacement of private 
vehicles, such as new energy 
automobiles, public transit, pedestrian 
and bicycle systems. Through the 
development of alternative energy 
transportation models, local jurisdictions 
can conserve traditional energy and 
promote energy efficiency. 
If a LCP does not consider 
energy efficiency transportation, 
this indicator scores 0; if a LCP 
recommend or suggests 
promoting the development of 
alternative energy transportation, 
it scores 1; if a LCP requires to 
promote the development of 
certain alternative energy 
transportation modes, it scores 2. 
Energy 
efficiency 
transportation 
mode, new 
energy vehicles, 
public transit 
APA, 2010; 
APA, 2011 
3.3.3. Urban 
bicycling/pede
strian 
development 
Within a compact urban form, the 
advantages of non-auto transportation 
models, such as bicycling and walking, 
emerges. The dependence on private 
vehicles increase energy consumption and 
reduce energy efficiency. Associated with 
proper regulation and incentives for 
pedestrian and bicycle facilities, citizens 
prefer to walking or riding instead of 
driving to destinations with fewer costs 
and greater energy efficiency. 
If a LCP does not mention the 
bicycling and pedestrian 
development, this indicator 
scores 0; if a LCP recommends 
or suggests promoting the 
development of bicycling and 
pedestrian pathways for non-
auto transportation models, it 
scores 1; if a LCP requires to 
develop bicycling and pedestrian 
facilities and incentives to 
Non-auto 
transportation, 
bicycling/pedest
rian facilities 
APA, 2004; 
APA, 2010; 
APA, 2011 
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promote the use of non-auto 
transportation models, it scores 
2. 
3.3.4. Flexible 
Street design 
The flexible street design is able to 
support various transportation models. 
The flexible street system varies 
depending on the demands of different 
models. But the non-auto facilities and 
energy efficiency transportation models 
are highly prioritized to promote energy 
efficiency and reduce GHG emission. 
If a LCP does not consider 
flexible street system, this 
indicator scores 0; if a LCP 
recommends or suggests 
adopting flexible street design 
for multiple transportation 
choices, it scores 1; if a LCP 
require to develop flexible street 
system for multiple 
transportation modes with full 
explanations, is scores 2. 
Flexible street 
design, flexible 
street system 
APA, 2011 
3.4. 
Urban & 
Building 
Design 
3.4.1. Energy-
efficient 
building 
codes/standar
ds* 
The establishment of energy-efficient 
building codes or standards can enhance 
the abilities of local planning to control 
the potential energy consumption by 
sector of buildings, which is considered 
as one of the sectors that consume most 
energy. the appropriate building design 
codes or standards can also promote the 
renewable energy use. One well-
recognized creation of energy-efficient 
building standards is Leaderships in 
Energy & Environment Design (LEED) 
developed by the U.S. Green Building 
Council (USGBC). 
If a LCP does not consider the 
establishment of energy 
efficiency building standards, 
this indicator scores 0; if a LCP 
just recommends developing 
energy efficiency building 
standards, this indicator scores 1; 
if a LCP requires local 
government to develop energy 
efficiency building standards 
within a certain time period, this 
indicator scores 2. 
Building codes 
for energy 
efficiency, 
energy 
efficiency 
building 
standards 
APA, 2004; 
APA, 2011; 
DLCD, 1974 
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3.4.2. Energy 
efficiency 
design, 
construction 
and 
operation* 
Developing rules and regulations for 
energy efficiency design and construction 
are able to significantly promote local 
energy efficiency and energy 
conservation, and reduce the dependence 
on imported energy sources. Recently, 
more and more design concept and 
building technologies merges for local 
jurisdictions to limit the traditional ways 
of indoor heating, cooling and lighting 
systems. Furthermore, governments 
develop some programs for public to 
reconstruct residential buildings to 
promote energy efficiency and energy 
conservation with financial support, such 
as weatherization program. 
If a LCP does not consider any 
policies about energy efficiency 
building design, construction, 
and operation, this indicator 
scores 0; if a LCP just 
recommend or suggest local 
government to encourage energy 
efficiency building design, 
construction, and operation, this 
indicator scores 1; if a LCP 
requires local governments to 
promote the use of energy 
efficiency building design, 
construction, and operation with 
details, this indicator scores 2. 
Weatherization 
program, 
environment-
friendly design, 
energy 
efficiency 
construction 
APA, 2004; 
DLCD, 1974 
3.5. 
Environm
ent 
3.5.1. 
Environment
al impact 
management* 
Developing renewable energy and other 
energy efficiency strategies may impact 
local environment, including noise, air 
pollution, ecosystem disturbance, etc. 
(Walker, 1995). The environmental 
impact management can increasingly help 
local decision-makers (Davidson and 
Venning, 2011). However, the 
environmental impact analysis, mostly, 
were basic or neglected (Ivner, 2009). So 
it is necessary to analyze the 
environmental impact of proposed energy 
efficiency strategies in local level. 
If a LCP does not mention 
environment impact 
management at the effective 
period, this indicator scores 0; if 
an environmental impact 
management is just 
recommended in a LCP, it scores 
1; if a LCP require local 
government to analyze and 
manage the environmental 
impact of energy efficiency 
strategies, it scores 2. 
Environmental 
impact 
management, 
environmental 
impact analysis 
APA, 2004; 
DLCD, 1974 
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3.5.2. Waste 
recycling 
management/
programs* 
Local governments are able to conserve 
energy and promote energy efficiency 
through re-use and recycle solid waste, 
plastic, metallic, and other materials. 
If a LCP does not consider any 
recycling management, this 
indicator scores 0; if a LCP 
recommends or suggests 
developing recycling 
management or programs, this 
indicator scores1; if a LCP 
requires to develop some new 
recycling programs, it scores 2. 
Waste 
recycling, 
material reuse 
APA, 2002; 
APA, 2004; 
DLCD, 1974 
3.6. 
Infrastruc
ture & 
Public 
Facilities 
3.6.1. Green 
infrastructure 
As an emerging concept, green 
infrastructure is able to mitigate human 
impact on energy consumption and GHG 
emission through integrating natural 
assets into public infrastructure system, 
such as urban forests, open and green 
spaces, green roofs, and others. 
If a LCP does not consider any 
policies about green 
infrastructure, this indicator 
scores 0; if a LCP recommends 
or suggests developing green 
infrastructure system, this 
indicator scores 1; if a LCP 
requires to develop green 
infrastructure system, this 
indicator scores 2. 
Green 
infrastructure, 
urban forest, 
APA, 2011 
3.6.2. Public 
facility 
efficiency 
Local jurisdictions have abilities to 
conserve energy and promote energy 
efficiency through regulating and 
operating public facilities. Public 
facilities, like schools, should to be 
located close to target area to promote the 
alternative transportation models. Also, 
guidance for specific public facilities can 
promote energy efficiency and reduce the 
negative impact on environment, for 
instance, street light design guidance can 
effective limit the electricity consumption 
and reduce light pollution. 
If a LCP does not consider the 
public facility efficiency, this 
indicator scores 0; if a LCP 
recommends or suggests 
improving public facility 
efficiency, it scores 1; if a LCP 
requires local government to 
improve public facility 
efficiency, this scores 2. 
Facility 
efficiency, 
location of 
facility 
APA, 2004; 
APA, 2011 
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3.7. 
Financial 
Program 
3.7.1. Carbon 
tax/credits 
Typical tax credits and sales tax programs 
indirectly promote the insatiable appetite 
for energy supplies. Carbon tax credit is 
considered as an effective means to 
reduce traditional energy consumption 
and control GHG emission, and promote 
the use of renewable energy, such as 
generation of electricity, indoor heating 
and cooling. Furthermore, this tax 
program is conducive to the low-income 
people, which are considered that 
consume more energy than other social 
strata. 
If a LCP does not consider the 
carbon tax program, this 
indicator scores 0; if a LCP 
recommend or suggest local 
government to develop carbon 
tax program, this indicator 
scores 1; if a LCP requires or 
mandates local government to 
develop carbon tax program, this 
indicator scores 2. 
Carbon tax, 
carbon tax 
credits, carbon 
emission tax 
APA, 2004 
3.7.2. 
Incentives for 
renewable 
energy 
usage/energy 
efficiency* 
Local-level incentives for energy 
efficiency can significantly promote the 
motivation and awareness of individuals 
to promote energy efficiency and 
facilitate renewable energy use. 
If a LCP does not consider any 
incentives for renewable energy 
usage or energy efficiency 
strategies, this indicator scores 0; 
if a LCP recommends or 
suggests encouraging renewable 
energy usage or energy 
efficiency strategies, this 
indicator scores 1; if a LCP 
requires to propose incentives 
for energy efficiency and 
renewable energy usage, it 
scores 2. 
Incentive for 
energy 
efficiency, 
incentive for 
renewable 
energy 
utilization 
APA, 2011; 
DLCD, 1974 
3.7.3. Density 
Bonuses 
Density bonuses provide direct incentives 
for developers that increase densities and 
provide more units in community 
development. This incentive is able to 
promote high density development. 
If a LCP does not consider the 
density bonuses program, this 
indicator scores 0; if a LCP 
recommend or suggest local 
government to provide density 
bonuses for developers, this 
indicator scores 1; if a LCP 
requires local government to 
develop density bonuses 
program with details, this 
indicator scores2. 
Density 
bonuses, 
density 
incentive 
APA, 2004 
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4. Coordination and 
Education 
4.1. 
Integration 
with other 
plans/progra
ms 
During the last few decades, some 
effective programs developed and 
supported by state governments, federal 
agencies, or some social organizations are 
able to promote local energy efficiency. 
Through cooperation with these 
programs, local governments have more 
abilities and sources to disseminate 
energy efficiency strategies for public, 
provide financial support for various 
social strata, and evaluate the 
effectiveness of local energy efficiency 
process. 
If a LCP does not consider any 
programs developed by other 
governments, agencies, or 
organizations, this indicator 
scores 0; if a LCP just 
recommend or suggests local 
governments to cooperate with 
other programs, this indicator 
scores 1; if a LCP requires local 
governments to cooperate with 
one or more certain programs 
related to energy efficiency, it 
scores 2. 
Energy Star 
Rating 
Programs, Low 
Income Home 
Energy 
Assistance 
Program 
(LIHEAP), 
Fannie Mae 
energy-efficient 
mortgages, 
energy 
specified 
program 
APA, 2004 
4.2. Public 
meetings/part
icipations/wor
kshops & 
training 
programs 
In order to develop and implement the 
energy efficiency strategies, local 
governments need to get public involved. 
And public involvement contributes to 
variable steps of decision-making process 
(Ivner, 2009). 
If a LCP does not consider any 
public involvement programs, 
this indicator scores 0; if a LCP 
briefly indicates public 
participation or training 
programs without a detailed 
description or arrangements, it 
scores 1; if a LCP proposes 
systematic plans for public 
participations, it scores 2. 
Public 
participation, 
public hearing, 
public meeting, 
citizen 
involvement, 
public training, 
citizen 
workshop 
APA, 2004; 
APA, 2011 
4.3. Inter- 
organization/
governmental 
communicatio
n/coordinatio
n 
Some energy-related issues not only 
happen in a single local jurisdiction, but 
also across several adjacent cities. The 
coordination between local governments 
and multi-level governments is necessary 
to share information and solve conflict 
caused by miscommunication between 
governments. 
If a LCP does not mention the 
cooperation with other public 
sectors, local and state 
governments, and federal 
agencies, this indicator scores 0; 
if a LCP only mentions multi-
level governmental coordination, 
it scores 1; if a LCP specifies the 
lists of various governments that 
local jurisdiction can coordinate 
with to solve certain challenges 
or problems, it scores 2. 
Inter-
governmental 
coordination, 
organizational 
partnership, 
department of 
energy 
APA, 2004 
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4.4. Conflict 
management 
There are conflicts in the implementation 
process of energy efficiency strategies, 
especially between energy technologies 
and environmental system. Local 
governments should clearly recognize the 
cause and nature of conflict, and then 
propose solutions for conflicts. 
If a LCP does not consider to 
manage and solve the potential 
conflict, this indicator scores 0; 
if a LCP briefly mentions the 
potential conflicts without 
specific solutions, it scores 1; if 
a LCP specifically analyzes the 
potential conflicts and proposes 
some solutions to manage them, 
it scores 2. 
Potential 
conflict, 
conflict 
management, 
conflict 
solution. 
APA, 2010 
4.5. 
Coordinating 
with Private 
Sectors 
Because the energy-related issues cross 
most fields of community life. Private 
Partnerships can help local governments 
address these challenges, including 
technical support, financial resources, and 
expertise (UN-HABITAT, ICLEI, AND 
UNEP, 2009). However, Ivner (2009) 
indicated that the implementation of 
energy efficiency strategies were 
negatively impacted by the concerns of 
private sectors. 
If a LCP does not consider to 
coordinate with private sectors, 
this indicator scores 0; if  a LCP 
just generally mention the 
coordination with private 
companies, it scores 1; if a LCP 
lists private companies or 
partners to address  certain 
challenges, it scores 2. 
private utility 
provider, 
private 
partnership 
UN-HABITAT, 
ICLEI, and 
UNEP, 2009 
5. Implementation and 
Monitoring 
5.1. 
Prioritization 
for actions 
with 
measurable 
timelines 
There are both costs and benefits that 
impact aspects of human life in each 
energy efficiency strategy (UN-
HABITAT, ICLEI, AND UNEP, 2009). 
Also, local governments need to 
recognize short- and long-term strategies. 
According to this information, local 
governments need to identify the priority 
actions with certain timelines that local 
governments can monitor and measure 
the implementation process. 
If a LCP does not consider the 
prioritization of actions, this 
indicator scores 0; if a LCP just 
briefly indicates the priority of 
energy efficiency strategies, it 
scores 1; if a LCP lists  
measurable timelines for action 
and prioritizes the local energy 
efficiency strategies, this 
indicator scores 2. 
Action priority, 
implementation 
timeline 
UN-HABITAT, 
ICLEI, and 
UNEP, 2009 
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5.2. 
Designating 
responsibilitie
s of local 
governments 
In purpose of energy efficiency strategies 
to be successfully implemented, related 
departments in local governments need to 
be clearly designated the corresponding 
responsibilities (UN-HABITAT, ICLEI, 
AND UNEP, 2009).  It will help 
governments and citizens recognize 
which department leads local energy 
efficiency strategies and which 
department focuses on what specific 
fields of energy efficiency. 
If a LCP does not mention the 
arrangement of responsibilities, 
it scores 0; if a LCP briefly 
mentions the arrangement of 
responsibilities without 
designating the responsible 
parties, it scores 1; if a LCP 
specifies responsibilities of local 
departments and roles, it scores 
2. 
Responsibility 
identification, 
roles of 
departments 
UN-HABITAT, 
ICLEI, and 
UNEP, 2009 
5.3. 
Identification 
of costs or 
funding 
The city financial capacity is the critical 
constraint for implementing energy 
efficiency strategies. It is important to 
identify what funding provided by other 
agencies or governments that can help 
departments implement energy efficiency 
strategies. Also, the costs of 
implementing strategies need to be 
calculated first. 
If a LCP does not consider any 
costs or funding to support the 
implementation of local energy 
efficiency strategies, this 
indicator scores 0; if a LCP 
generally mention the cost or 
funding without details, it scores 
1; if a LCP identifies the sources 
and amount of cost or funding, it 
scores 2. 
Amount of cost, 
amount of 
funding 
APA, 2004 
5.4. Schedule 
of regular 
plan updates 
and 
assessments 
Most energy efficiency strategies are 
long-term actions; However, these 
strategies cannot successfully face the 
uncertainty in the future. So local 
governments need to assess and update 
strategies in terms of the changed 
situations. Scheduling the regular plan 
update is helpful for local governments to 
arrange this duty on various departments. 
If a LCP does not mention the 
update and assessments, this 
indicator scores 0; if a LCP 
briefly mentions the plan 
updates and assessments without 
timelines and other details, this 
indicator scores 1; if a LCP 
specifies the schedule of the plan 
and action updates and 
assessments, it scores 2. 
plan updates, 
plan 
amendment 
APA, 2004 
5.5. Tracking 
energy 
consumption 
on different 
levels 
Local governments need to provide some 
tracking programs to monitor energy 
consumption on multiple levels, including 
single buildings, neighborhoods, and 
communities. Also, energy consumption 
needs to be tracked by sectors 
(residential, commercial, industrial, and 
others)and types (coal, natural gas, 
renewable energy, and others). 
If a LCP does not consider to 
track energy consumption during 
the implementation process, this 
indicator scores 0; if a LCP 
briefly mentions tracking the 
energy consumption on different 
levels, this indicator scores 1;  if 
a LCP specifies the tracking 
programs on multiple levels with 
Tracking 
program, 
monitor energy 
consumption 
APA, 2004 
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some certain details, it scores 2. 
5.6. 
Establishing 
an ongoing 
information 
database for 
monitoring 
An information database is necessary for 
local governments to collect real-time 
data about energy supply and 
consumption. This database can help 
local governments monitor the 
effectiveness of policies through the 
implementation process, which is also 
important for public and related 
stakeholders. 
If a LCP does not mention the 
energy consumption database, 
this indicator scores 0; if a LCP 
briefly introduces the monitoring 
database, this indicator scores 1; 
if a LCP describe the energy 
consumption database with 
details, this indicator scores 2. 
Energy 
database, 
energy 
consumption 
data center 
APA, 2004 
(* means SG indicators) 
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